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This thesis en t i t led , "Studies on the interaction of 
s i lver tungstate and mercury(ll) halides in solid s ta te" 
deals with the study of the following five reactions in 
solid s t a t e : 
(1) Silver tungstate-Mercuric iodide, 
(2) Silver tuiigstate-tiercuric bromide, 
(3) Silver tungstate^Mercuric chloride, 
(4) Silver tungstate-Mercury "bromoiodide, and 
(5) Silver tungstate-Mercury chlorobromlde. 
All these reactions were studied by thermal and con-
ductivi ty measurements, chemical and X-ray diffract ion ana-
lyses . Kinetics of the reactions were studied by visual 
technique. 
Kinetic Studies 
Kinetics of the reactions were studied by placing 
mercury(II) halides over Ag^ WO^  in a glass tube of 0.5 cm 
internal diameter whose one end was sealed. I^ he glass tube 
was kept in an a i r thermostat controlled to -^ 0,5*^C, The 
progress of the reaction was followed by iiieaauring the t o t a l 
thickness of the product layer formed at the interface by a 
t rave l l ing microscope, having a calibrated scale in i t s eye-
piece. 
x-ray Studies 
The r eac t an t s were mixed thorough.ly in an agate mor-
t a r In d i f fe rent molar r a t i o s . One par t of each mixture was 
heated in an a i r thermostat at 150 + 0.5^C for t h ree days 
and another part was maintained at room temperature . X-ray 
diffractograms of the reac t ion mixtures were recorded by 
Norelco Geiger Counter Z-ray di f f ractometer (PW 1010 Ph i l i p s ) 
using C^aKJJ rad ia t ion and N i - f i l t e r applying 32 Kv at 12 mA. 
The compounds were i den t i f i ed by ca l cu l a t i ng the d values 
and comparing them with the standard values of the expected 
compounds. 
Thermal Keasurements 
The reac tan te i n d i f fe ren t molar r a t i o s were mixed 
separa te ly in a double-walled calor imeter and the r i s e in 
temperature was noted with a Beckmarm thermometer at d i f f e r -
ent time i n t e r v a l s . 
Conductivity Measurements 
The r eac tan t s were thoroughly mixed with each o ther 
in d i f fe ren t molar r a t i o s sepa ra te ly and pressed i n t o a d i s c . 
The d i s c was then fixed between platinum elect i 'odes and the 
conductance was measured at d i f f e ren t times by conduct ivi ty 
Bridge. 
Chemical Analysla 
Different product l ayers of reac t iona of s i l v e r 
tungs ta te with mercury(II) ha l ides were co l lec ted separa te ly 
by breaking the react ion tubes . Products were i den t i f i ed by 
chemical ana lys is and X-ray d i f f r ac t i on ana ly s i s . 
^• AggWQ^-Hglg reac t ion 
Compounds Iden t i f i ed , in d i f f e ren t molar mixtures of 
the reac t an t s , by X-ray ana lys i s are given in Table I . 
M o l a r r a t i c 
AgpVO^ and 
1:1 
1:2 
2:1 
1:5 
IS o f 
Hgig 
TABLE I 
Compounds i d e n t i f i e d i n m i x t t i r e s 
m a i n t a i n e d a t room 
t e m p e r a t u r e 
A g l , Ag^Hgl^ , Ag2V04, 
and HgWO, 
Ag2Hgl4 and HgVO^ 
A g l , HgWO^ and 
A62VO4 
Ag2HgI^, HgWO^ and 
Hgl2 
h e a t e d a t 150 C and 
t h e n c o o l e d t o room 
t e m p e r a t u r e 
Agl and HgWO^ 
A g ^ g l ^ and HgWO^ 
A g l , HgWO^ and 
Ag2V04 
Ag2Hgl4, HgWO^ and 
H g l 2 
The reac t ion mechanism of Ag^ WO. and Hglp in 1:1 molar r a t i o 
may be given as fo l lows : 
Ag2V04 + Hgl^ ^ 2AgX + HgWO^ ( l a ) 
2AgI + Hgl^ > Ag2Hgl4 ( l b ) 
Ag2HgI^ + Ag^ WO^ ^ 4AgI -H HgWO^ (1c) 
2Ag2W0^ + 2Hgl2 ^ 4AgI + TBgW^ 
Colour change dur ing t h e course of r e a c t i o n and X-ray ana -
l y s i s of t h e same molar mix ture ma in ta ined a t room tempera -
t u r e confirm Ag^Hgl. as an. i n t e r m e d i a t e p r o d u c t . 
Thermal and conductance measurements show only one 
i n f l e c t i o n and t h u s p rov ide no evidence fo r m u l t i s t e p r e a c -
t i o n . This i s u n d e r s t a n d a b l e because s t e p (1b) i s much 
f a s t e r than s t ep ( l a ) . 
K i n e t i c s of s i l v e r t u n g s t a t e wi th rhombic and t e t r a -
gonal mercu r i c i od ide i n s o l i d s t a t e were s t u d i e d s e p a r a t e l y . 
The k i n e t i c d a t a of each f i t be s t t h e e q u a t i o n , 
f" = Kt 
where X i s t h e t o t a l t h i c k n e s s of product l a y e r at t ime t 
and K and n are c o n s t a n t s . The a c t i v a t i o n e n e r g i e s fo r t h e 
low and h igh t empera tu re r a n g e s a s c a l c u l a t e d from t h e 
Ar rhen ius p lo t are r e s p e c t i v e l y 78 .62 and 56.35 Kj /mole . 
Two v a l u e s of a c t i v a t i o n e n e r g i e s suggest t h a t rhombic Hgl2 
is more reactive towards Ag^WO^ than the tetragonal form. It 
has "been established that Hgl2 is mostly reacting in solid 
form and not through vapour phase. 
2• Xf^^O.-RgBVy reaction 
Compounds identified in different molar mixtures of 
reactants are given in Table II. 
TABLE XI 
Molar ratios of Compounds identified in mixtures heated 
A^ wn ™,j u -Dv, a* 1500c and then cooled to room tempera-Ag^WO^ and HgBr^ ^^^^ 
1:1 AgBr and HgWO^ 
1:2 AgBr, HgWO^ and HgBr2 
2:1 AgBr, HgWO^ and Ag^VO^ 
1:3 AgBr, HgVO^ and HgBrj 
The reaction occurred stoichiometrically in 1;1 molar ratio. 
Ag^WO^ + HgBr^ ^ 2AgBr + HgWO^ 
Thermal and conductivity measurements indicated the reaction 
to be one step process. 
The kinetic data for lateral diffusion best fit the 
parabolic equation. 
The ac t i va t i on energy calculated from Arrhenius plot i s 
79.28 Kj/mole, 
Rate measurements were a lso made for d i f fe ren t p a r t i -
cle s i z e s and by keeping an a i r -gap of d i f fe ren t lengths be t -
ween the two r e a c t a n t s . I t was observed tha t r eac t ion r a t e 
increased with increase in p a r t i c l e s ize and decreased with 
the increase in length of a i r - g a p . The values of d i f fus ion 
coeff ic ien t for surface migration and vapour phase were found 
to be 7.55 x lo" and 2.2 x 10" cm / s e c , r e s p e c t i v e l y . The 
r e s u l t s c lea r ly show t h a t t h i s r eac t ion i s cont ro l led by both 
vapour phase and surface migra t ion . 
5. AggVO^-HgOlg reac t ion 
Compounds iden t i f i ed in d i f f e ren t molar mixtures of 
r e a c t a n t s are shown in Table I I I . 
TABLE I I I 
Molar r a t i o s of Compounds i den t i f i ed in mixtures heated 
AggW A^ ^^^ HgCl2 at 150^0 and cooled to room temperature 
1:1 AgCl and HgWO^  
1:2 AgCl, HgWO^ and HgCl^ 
2:1 AgCl, HgWO^ and Ag^WO^ 
1:3 AgCl, HgWO^ and HgCl2 
x-ray d i f f rac t ion ana lys is revea l tha t the r eac t ion 
"between A^O^A ^^^ HgClp i s a simple exchange process i n 
which cat ions and anions of the react ants are exchanged to 
give the products, 
1^2*04 + HgCl2 -> 2AgCl + HgWO^  
Thermal and conductance measurements show only one 
i n f l e c t i on in the curve thus i nd i ca t ing the reac t ion to he 
s ing le s t ep . 
Slsetic data for lateral diffvslon'at dlff&rejut tewpe-
r a t u r e s were found to obey the parabol ic equat ion, 
2 X = Kt 
The ac t iva t ion energy ca lcula ted from a log K versus inverse 
temperature p l o t , i s 71.51 Kj/mole. 
The react ion r a t e was found to increase with increase 
in p a r t i c l e s ize and to decrease with increase in the length 
of a i r -gap between the r e a c t a n t s . The values of d i f fus ion 
coeff ic ient for surface migration and vapour phase were c a l -
culated to be 5.57 x 10 and 2.1 x 10 cm / s e c , r e s -
pec t i ve ly . The r e s u l t s i nd ica te tha t the reac t ion i s con-
t r o l l e d by both vapour phase and surface migra t ion . 
4, AgoVO.-HgBrI reac t ion 
Products i den t i f i ed i n d i f f e ren t molar r a t i o mixtures 
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of AgpWO^ and HgBrI a r e g i v e n i n Talsle IV . 
TABLE IV 
M o l a r r a t i o s o f ' ^ " ' " ^ ' ' ' ^ ' ^ ^ a i n t l i n e f a t " ' ' ^ ' ' ^ ^ ^ ^ 
AggVO^ and HgBrI ^^^^ t e m p e r a t u r e 150^0 
1:1 A g ( B r , I ) , Ag^Hgl^ . A g ( B r . I ) and HgWO^ 
HgVO^ and Ag^WO^ 
1:2 A g ( B r , I ) , Ag2Hgl4, A g ( B r , I ) , HgWO^ and 
HgWO^ and HgBrI HgBrI 
2:1 A g ( B r , I ) , Ag2Hgl4, A g ( B r , I ) , HgWO^ and 
HgWO^ and kg2'^0^ AggWO^ 
1:3 A g ( B r , I ) , Ag^Hgl^ , A g ( B r , I ) , HgVO^ and 
HgVO^ and HgBrI HgBrI 
The r e a c t i o n mechanism f o r 1:1 m o l a r m i x t u r e of k^2^^A s^ nd 
HgBrI a t 150°C may be r e p r e s e n t e d a s 
^AggWO^ + 3HgBrI > 3AgBr + 5AgI ^ 3HgW04 
3AgI + HgBrI ^ Ag2Hgl4 + AgBr 
Ag2Hgl4 + ^2^^A ^ "^^Sl + HgWO^ 
4Ag2V04 + 4HgBrI > |4AgBr + 4 A g I | + 4HgW04 
S o l i d s o l u t i o n 
The f o r m a t i o n of AgpHgl . d u r i n g t h e r e a c t i o n was r e v e a l e d by 
colour change during the reac t ion and X-ray ana lys is of the 
same molar mixture maintained at room temperature . 
Thermal aad conductivi ty measurements support the 
above mechanism. The k i n e t i c da ta for l a t e r a l d i f fus ion at 
d i f f e ren t temperatures hest f i t the equat ion, 
X" = Kt 
The ac t iva t ion energy was calcula ted to be 61.28 Kj/mole. 
Rate measurements were a lso car r ied out for d i f f e ren t p a r t i -
c le sizes and I t vas o'bserve^ that reaction rate Increaaed 
with increase in p a r t i c l e s i a e . I t has been confirmed tha t 
the reac t ion i s surface migration con t ro l l ed . 
5. Ag3W0 -^-HgClBr 
X-ray d i f f rac t ion s tud ies were car r ied out with 
d i f fe ren t molar mixtures of Ag^ VO^ and HgClBr. The r e s u l t s 
(Table 7) show tha t the reac t ion occur s to i ch iomet r i ca l ly In 
1:1 molar r a t i o . 
Ag2^^4 + HgClBr > |AgCl + AgBr| + HgWO^  
Solid so lu t ion 
Thermal and conduct ivi ty measurements are a lso i n d i -
ca t ive of a s ingle s tep r e a c t i o n . 
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TABU: V 
Molar r a t i o s of Compouads i den t i f i ed in mixtures heated 
AgoVO. and HgClBr at 150°C and cooled to room temperature 
1:1 Ag(Cl,Br) and HgWO^  
1:2 As(Cl,Br), HgWO^  and HgClBr 
2:1 Ag(Cl,Br), HgWO^  and Ag2W04 
1:3 Ag(Cl,Br), HgVO^ and HgClBr 
The k i n e t i c data were foiuid to f i t best the equation, 
f' = Kt 
The ac t iva t ion energy was calculated to be 98.77 EJ/mole. 
Kine t ics were also made for d i f f e ren t p a r t i c l e s i zes and by-
keeping an air-gap of d i f ferent length between the r e a c t a n t s . 
Reaction r a t e was found to increase with increase in pai*ticle 
s ize and decrease with increase in the length of a i r - g a p . 
The values of diffusion coeff ic ient for surface migration 
and vapour phase were found to be 8.98 x 10" and 1.7 x 10" 
cm / s e c , r e spec t ive ly . I t i s , t h e r e f o r e , concluded tha t in 
addi t ion to vapour phase d i f fus ion , surface migration of 
HgClBr also plays some part in the diffusion process . 
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CIIAPTER I 
Il^ TRODUCTIOW 
Sol id-sol id r eac t ions have usua l ly been the domain of 
p h y s i c i s t s and physical chemists. Thus, considerable bas ic 
work on the theory of so l i d - so l i d i n t e r a c t i o n s has been 
reported over the yea r s , p a r t i c u l a r l y in the s i x t i e s , as a 
r e s u l t of the emergence of solid s t a t e devices , Inves t iga -
1 2 t i o n s in solid s t a t e reac t ions * have been st imulated by 
t h e i r increasing appl ica t ions in metal lurgy, ceramic techno-
logy^, manufacture of a r t i f i c i a l gems, l a se r chemistry, geo-
chemical processes and in the chemistry of polymers and 
p r o p e l l a n t s . Even in chemical i n d u s t r i e s , s o l i d - s o l i d r e a c -
t i o n s are kno-wn to play an important r o l e , such as i n the 
cement indus t ry , manufacture of f e r r i t e s , c a t a l y s t s e t c . 
Heat sources required in spacecraf ts most conveniently use 
s o l i d - s o l i d exothermic r e a c t i o n s . Compounds of the sp ine l 
type between various oxides and t h e i r sol id so lu t ions are 
used in t e l e v i s i o n , radar and j e t p lanes . 
There i s great d i f ference between the sol id phase and 
l iqu id or gaseous phase r e a c t i o n s . The reac tant molecules 
cannot move freely in the sol id s t a t e in sharp contras t to 
the r eac t ions in other phases . Evident ly , r eac t i ons w i l l , 
t h e r e f o r e , occur far ea s i e r in l i q u i d s and gases than in 
s o l i d s . Hence, usual ly solid s t a t e r eac t ions are dif fusion 
con t ro l l ed . Tarnishing, decomposition, polymer degradat ion, 
polymerisat ion and oxidation r eac t ions in so l i d s have been 
studied by many s c i e n t i s t s and reviewed e lse where " . 
Tor a. long time the chemletry of Boltds remained a 
blank spot on the chemical map. Modern i nvea t i ga t i ons , how-
ever, showed tha t chemical s t e r i l i t y of c r y s t a l s was over-
accentuated. 
The systematic study of r eac t i ons between so l id s goes 
back to the work of Paraday in 1820 and of Spring in 
1885, who claimed to have observed r eac t i ons in sol id s t a t e 
and t h a t of Si r Robert-Austen on the diffusion of gold in 
1 7 lead at d i f fe rent temperatures . In 1909, Masing foxmd 
t h a t compressed metal f i l i n g s reacted at temperatures below 
those of "eu tec t i c" mixtures . In 1910, Cobb^® described 
r eac t i ons between quartz and alumina with calcium carbonate 
or calcium s u l f a t e . Hedvall ^* ^ in 1912 and in subsequent 
years demonstrated tha t r eac t i ons in the sol id s t a t e occur 
frequently and represent indeed an important branch of 
chemistry. Sc ien t i f i c cu r io s i t y on r eac t i ons in s o l i d s was 
sparked by the discovery tha t some sol id s t a t e t ransforma-
t i o n s occurred very rap id ly at low temperatures , e . g . the 
r eac t i ons between s i l v e r and mercury h a l i d e s . Hedvall has 
devoted over t h i r t y years to t h i s branch of chemistry. Most 
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of the work on so l ids has evident ly been carr ied out by 
con t inen ta l s c i e n t i s t s among whom Fischback, Hut t ig , Jander, 
J o s t , Se i th , Tammann and Tubandt besides Hedvall may be 
quot ed. 
A nuinber of reviews ' and books " are now avail-
able which have significantly contributed towards the under-
standing of some of the fundamental aspects of solid state 
reactions such as nucleation, transfer of matter beyond phase 
boundaries and the most important of all diffusion and the 
role of the imperfections. 
Defects and their Implications in Solid State Reactions 
Lattice imperfections play the vital role in solid 
state reactions. In many such reactions the diffusion of a 
reactant or a product is rate controlling, and diffusion is 
only possible by virtue of lattice defects of various types. 
Finite crystals at temperatures above 0 K exhibit the 
following basic static defects*; 
(1) Point defects: 
(a) Interstitial 
(b) Schottky defect 
(c) Frenkel defect 
(2) Line defects: 
(a) Edge dislocation 
(b) Screw dislocation 
(5) Surface defects 
(4) Stacking faults. 
Many of these defects can be present in stoichiometric crys-
t a l s . If the crystal i s non-stoichiometric, material defects 
and e lec t r i ca l defects have to be present to ensure e l e c t r i -
cal balance. 
Frenkel^"^ in 1926 and Schottky^^ in 1935 developed 
theories regarding the presence of i n t e r s t i t i a l s and vacancy 
defects in crys ta ls . The two most important type of native 
l a t t i c e defects are vacant l a t t i c e s i t e s , or vacancies and 
ions or atoms placed in s i t e s that are normally not occupied 
Of. 
so called i n t e r s t i t i a l s 
In a pure stoichiometric crysta l two types of natural 
disorders often occur. Firs t the Schottky disorder where an 
equal amount of anion and cation vacancies ex i s t s . Secondly, 
the Frenkel disorder where equal concentrations of ion vacan-
cies and i n t e r s t i t i a l s of the same type occur: 
+ - + - + - + 
- O - + - + ^ 
+ - + _ + - + 
- + - +^  LJ + -
+ - + - + - + 
+ - -^ ^ + _ + 
- {"; - + - + . 
+ _ + ^ + - + 
© 
- + - + - + -
+ _ + . + _ + 
(a) (b) 
Two main types of native lattice disorders presented schemati-
crystal lattice and the other kind of dislocation is the 
screv dislocation resulting from a dieplacement of atoms in 
one part of a crystal relative to the rest of the crystal, 
forming a spiral ramp around the dislocation line. 
Dislocations are usually present in crystal, aa a 
result of accidents during growth of the crystal from the 
melt or as a result of prior mechanical deformation of the 
crystal. They are not thermodynamically stable. 
Surface imperfections are two dimensional defects. 
They are of two types, (1) Lineage boundary - boundary het-
•weeu two adjacent perfect regions in the same crystal that 
are slightly tilted with respect to each other; (2) Grain 
boundary - boundary between two crystals in a polycrystallino 
solid. 
Stacking faults are also planar surface imperfections 
created by a fault in the stacking sequence of atomic planes 
in crystals, 
Impurities are also considered as defects because 
their presence causes disturbance in the periodicity of 
lattice. Many of the interesting properties of solids result 
from the presence of imperfections or defects in solids. 
Lattice defects ^ play a crucial role in solid state 
reactions because diffusion processes in solids are con-
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"trolled by the concentration and mobility of such defects. 
The simple lattice defects, vacancy and interstitial atome, 
take part in a variety of processes leading to phase change, 
precipitation, order-disorder transformation, and chemical 
reactions in solid. In most metallic systems the vacancy is 
the most important defect since it is responsible for the 
interchange of atoms. Experimental evidence for vacancy 
diffusion is provided by Eirkendall effect. 
In high temperature chemical processes, part played 
by point imperfections tend to predominate over that played 
by line imperfections and, therefore, the mechanism of diffu-
sion is in favour of migration via point defect. This is 
the basis of Wagner theory of high temperature oxidation, 
which proved very successful and has since been applied to 
describe the high temperature oxidation of a number of 
metals. The growths of an edge dislocation by the addition 
of an atom at the dislocation line generates a vacancy or 
removes an interstitial atoms. Dislocations arising out in 
this way act as a source for point defects and there is found 
an intimate relation between the two types of imperfections. 
This brief discussion underlines that the reactivity of 
solids is a structure sensitive property, that is, due to 
the ezistance, the nature and the number of defects they 
contain. 
Diffusion 
Diffusion i s sn important phenomenon in s o l i d - s o l i d 
r e a c t i o n s . Being slow, i t often cont ro l s the r a t e s of such 
r e a c t i o n s . Diffusion in gases and l i q u i d s i s a r e l a t i v e l y 
simple process and has been explained qu i te s a t i s f a c t o r i l y . 
In c o n t r a s t , diffusion in so l ids i s qu i te compleix:. A number 
of reviews^^"^^ on diffusion in s o l i d s have appeared during 
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the l a s t few decades including those by Barrer and Jost 
Elucida t ion of the diffusion mechanism i s very often d i f f i -
cul t and i s q^ulte coinplex. In f a c t , in the ear ly s tages i t 
was not c lear whether sol id s t a t e r eac t ions ac tua l ly proceed 
in the sol id s t a t e and not v ia the vapour phase . In 
1896, a s t r i k ing early observat ion was made by Robert-
Austen in h i s paper on d i f fus ion of gold in l ead . He 
showed tha t at 500°G gold would dif fuse in lead f a s t e r than 
sodium chloride would dif fuse through water at 15 C The 
f i r s t idea of the diffusion mechanism appeared to be given 
by Havesy^^. In 1925, J o f f e ^ suggested other ideas of the 
mechanism of mass t r ans f e r in c r y s t a l l i n e l a t t i c e . New 
mechanisms for di f tus ioi i -were f i n a l l y sugges'fced by the 
Russian s c i e n t i s t , Frenkel in 1926 and l a t e r by Wagner and 
Schottky"^^ in 1930. 
In a so l id - so l id r eac t ing system, two so l ids react to 
form a product which separa tes them. Further reac t ion p ro -
gresses through three s teps in s e r i e s : se l f -d i f fus ion of 
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the reactant species, its diffusion through the product 
layer, and finally its diffusion and reaction in the other 
reactant. Thus, three different dlffusivitiea are involved. 
Again, one way diffusion or counter diffusion may be involved 
in the process. Diffusion in solid state may occur hy any 
one of the following mechanisms; 
(1) Rotation mechanism such as exchange mechanism or ring 
mechanism. No lattice defects are necessary in this 
kind of motion. So this can operate in purely perfect 
crystals. 
(2) Defect mechanism such as (i) Interstitial mechaniBm; 
(ii) Interstitialcy mechanism; (ill) Crowdian mechanism; 
(iv) Vacancy mechanism; (v) Relaxation mechanism, 
(3) Grain boundary and dislocation mechanism. 
(4) Vapour phase diffusion. 
Now it is very difficult to decide that out of these 
mechanisms which one is in operation in solid state. The 
following considerations are outlined: 
(1) Diffusion would occur by that mechanism which requires 
the lowest activation energy. By comparing the activation 
energy of diffusion with that of the heat of sublimation, it 
is easy to predict which one is likely. If the activation 
energy is much higher than the heat of sublimation, diffu-
sion by defect mechanism takes place. On the other hand, if 
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the activation energy i s equal to the heat of sublimation, 
vapour phase diffusion occurs. Low value of activation 
energy would indicate ei ther surface migration or grain 
boundary diffusion. 
(2) If the i n i t i a l rate of reaction i s d i rec t ly proportional 
to the dissociation pressure of the species, the reaction 
should proceed via the vapour phase diffusion. 
(3) Kinetic studies when reactants separated by an air-gap 
and in adjacent position, may be helpful for understanding 
whether surface diffusion or vapour phase diffusion taJcea 
place. If the reaction rate i s the same in the two cases, 
i t indicates that reaction proceeds via vapour phase diffu-
sion. On the other hand, i f no reaction occurs when the 
reactants are separated by an air-gap, means vapour phase 
diffusion i s not involved. This simple experiment has been 
used in determining the course of certain solid s ta te reac-
t ions , 
(4) Many solid state reactions are just interface reactions 
since the penetration i s not possible. Inert markers have 
been used in deciding whether diffusion occurs by defect 
mechanism or not. If the displacement of inert markers i s 
proportional to the square root of diffusion time, then the 
diffusion by defect mechanism la ascertained. In fact the 
study of diffusion in re la t ion to solid s ta te reaction i s the 
foremost necessity. Besides other things, i t helps in decid-
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ing which species i s the d i f fus ing species in so l id s t a t e 
r e a c t i o n . 
E^cperimental Techniques 
Different techniques for the study of sol id s t a t e 
r eac t i ons have "been adopted, depending on whether a gas i s 
evolved or the reac t ion products have d i f fe ren t colours , 
X-ray d i f f r ac t ion p a t t e r n s , e l e c t r i c a l conductivi ty or mag-
n e t i c s u s c e p t i b i l i t y as compared to the o r i g i n a l r e a c t a n t s . 
The following techniques have been used for the study of the 
so l id s t a t e r e a c t i o n s . 
t . Chemical ana lys is 
Chemical methods are most convenient and quick. 
Hence, whenever posa ih le , such methods are used. The p a r t i -
cular method of ana lys is to he used depends on the system 
under study, but usual ly a simple t i t r a t i o n i s good enough 
for the purpose, 
2, X-ray d i f f rac t ion study 
In the l a s t few yea r s , extensive us© has been made of 
X-ray methods for s t r u c t u r a l ana lys i s for studying r eac t i ons 
in s o l i d s . The reac t ion product can be analysed by calculat -
ing the d values and the i n t e n s i t i e s of the l i n e s and compar-
ing them with the standard values of expected compounds. 
However, there are c e r t a i n disadvantages of the X-ray t e ch -
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nique a l so . Vith the help of t h i s technique i t i s d i f f i c u l t 
to de tec t poorly c r y s t a l l i n e in te rmedia tes . Moreover, small 
amounts of the products are d i f f i c u l t to d e t e c t . Composi-
t ion determination by X-ray technique takes a long t ime. 
5, Pressure/volume measurements 
Vhen gaseous products are formed in the r e a c t i o n , the 
k i n e t i c s can he followed by measuring volume or pressure 
change as a function of t ime, 
4, TlBual technique 
When a coloured product i s formed the th ickness of 
the product layer can he measured at var ious time i n t e r v a l s 
hy t h i s technique . The th ickness can be cor re la ted with 
the k i n e t i c s . 
5, When the colour less product i s formed, r ad ioac t ive t r a c e r s 
can be used to assess the extent of movement of the r eac t ion 
48,49 zone ' ^. 
6, Thermal ana lys i s 
In so l id - so l id addi t ion r e a c t i o n s , no weight changes 
are involved, but the r eac t i ons are normally exothermic, 
hence d i f f e r e n t i a l thermal ana lys i s (DTA) i s a poss ib le 
method. 
For reac t ions involving weight changes, thermogravi-
u 
metric analysis (TGA) offers a useful tool, particularly for 
addition by elimination type of reactions vhere one of the 
products is gas. The solid state reactions of alkali metal 
carbonates with ASJOR and ¥0, have been studied ' recently 
by thermal analysis. 
7. Reflectance spectroscopy 
CO S"^  
It is particularly suitable for kinetic studies ' 
provided the reaction products are not completely white or 
completely black. This technique cannot only be used for 
detecting the reaction products, but changes in reflectance 
in the course of reaction can also be related to the 
kinetics. 
8. Elec t r ica l conductivity 
It is a good technique for getting informations 
regarding the path of a reaction/ provided the conductivities 
of products are much different from those of the reactants, 
54 Bradley and Greene employed this technique for the study 
of the reaction between iodides of silver, potassium and 
rubidium, since the product formed (K,ab)Ag^ I^c is more con-
ducting than the reactants. 
9. Magnetic susceptibi l i ty 
Magnetic suscept ibi l i ty measurements can be used for 
solid s ta te react ivi ty studies provided the magnetic suscep* 
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t i b i l i t y '^  of the product Is d i f f e ren t from those of the 
reac t an t s . The formatio>n of NlFepO. sp ine l has been studied 
by t h i s technique, since the sp ine l has a higher magnetic 
s u s c e p t i b i l i t y . 
10. Elect ron microprobe ana lys i s (EPMA) 
The EPMA technique i s vary prec ise and probably the 
most useful in so l i d - so l i d reac t ion s t u d i e s . So far small 
concentra t ions were d i f f i c u l t to analyse, a l so , concentra-
t ion changes over a very small length vere impossible to 
determine. Both these problems have been overcome by t h i s 
method« 
Apart from the methods described above, a v a r i e t y of 
o ther methods can be used, depending on the p a r t i c u l a r system 
under i nves t i ga t i on . These include IR, NMR, Mass spec t ros -
copy, low energy e lec t ron d i f f r ac t i on (LEBD), e l ec t ron spec-
t rome t r i c chemical ana lys i s (ESCA), and X-ray e l ec t ron 
photo spectroscopy. 
Kinetic Models 
Though solid state reactions have been practiced for 
a long time, modeling of these reactions started only re-
cently. Various kinetic models based on the following rate 
controlling mechanisms are discussed: 
1. Product growth controlled by diffusion of reactants 
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through a continuous product layer, 
2, Product growth controlled by nuclei growth, 
3. Product growth controlled hy phase boundary reactions. 
Diffusion models 
There are two fundamental processes involved in a 
solid state reaction: 
(1) Phase boundary processes Buch as chemical reaction itself, 
formation of nuclei and growth of the reaction products. 
(2) The transport of matter to the reaction zone, i.e., 
diffusion through the layer of the reaction products. For 
a imidirectional diffusion with constant diffusion coeffi-
cient across the product layer the rate of growth of the 
product layer is given 
dy/dt = ^ 
where y is the thickness of product layer, t is the reaction 
time, D is the diffusion coefficient of the migrating species 
and £ is a proportionality constant. Assuming diffusion co-
efficient to be Independent of time and area of contact as 
constant, we get, 
y^ = 2KDt + C 
or where t = 0 ; y = 0 
y^ = 2KDt ^ Kpt (1) 
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Equation (1) i s the well-known parabol ic r a t e law, 
where Kp i s the parabol ic r a t e constant , 
56 In 1927, Jander applied the parabol ic r a t e law, 
developed for planar in t e r face r e a c t i o n s , to powdered com-
p a c t s . Jander*a model i s based on the following assumptions: 
(1) The reac t ion under considerat ion can be c l a s s i f i ed as an 
addi t ive reac t ion , 
(2) Nucleat ion, followed by surface d i f fus ion , occurs at a 
temperature below tha t needed for bulk diffusion so t h a t a 
coherent product l ayer i s present when bulk di f fus ion does 
o c cxir, 
(5) The chemical react ion at the phase boundary i s consider-
ably f a s t e r than the t r anspor t process and thus the sol id 
s t a t e reac t ion i s bulk diffusion con t ro l l ed . 
(4) The surface of the component in which the reac t ion takes 
place i s completely and continuously covered with p a r t i c l e s 
of the other component, as though the former p a r t i c l e s were 
immersed in a melt of the l a t t e r . This assumption i s approzi-
mately t rue when the r a t i o of {^K/^-Q) i s very la rge and the 
amount of component (B) i s g r ea t ly in excess compared with 
tha t of component (A). 
(5) Bulk diffusion i s u n i d i r e c t i o n a l , 
(6) The product phase i s not mlscible with any of the r e a c -
t a n t phase. 
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(7) The reac t ing p a r t i c l e s are a l l spheres of uniform r a d i i . 
(8) The increase in the th ickness of product layer follows 
the parabol ic r a t e law. 
(9) The diffusion coeff ic ient of the species being t r a n s -
ported i s not a function of t ime. 
(10) The a c t i v i t y of the r e a c t a n t s remain constant on both 
s ides of the react ion i n t e r f a c e . 
He derived the following expression for the f r a c t i o n a l con-
vers ion x; 
Kjt = [1 - (1 _ i ) 1 / 5 j 2 ^2^ 
Equation (2) i s the well-laiown Jander equation r e l a t i n g the 
f r ac t ion of react ion completed to t ime, where Kj i s the r a t e 
const an t . 
The Jander equation has been applied to many sys -
terns'^ , but p r a c t i c a l evidence does not s a t i s fy i t we l l . 
This i s because of the fact t h a t in t h i s de r iva t ion two 
fundamental points have been neglec ted . 
(1) Parabol ic growth i s \mexpected for a problem with a 
sphe r i ca l symmetry, 
(2) The difference in the molar volume between the r e a c t a n t s 
and the products has not been taken in to account in the 
Jander*s equation. F ina l l y , the assumption tha t A p a r t i c l e s 
are completely enveloped by the B p a r t i c l e s i s t r u e for very 
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l a rge values of ^f/^-ot wiiere r aad r^ are the r a d i i of the 
o r i g i n a l spher ical p a r t i c l e s of A and B. 
Kroger and 2 ieg ler used most of the assinnptions 
made "by Jander except t h a t of d i f fus ion coe f f i c i en t , which 
vaa taken hy them as inverse ly p ropor t iona l to t ime. This 
i s equivalent to assuming tha t r a t e of change of product 
layer th ickness i s inverse ly propor t iona l to time, which i s 
the bas i s of Tammaim theory, 
y^ = 2K In t 
This equation combined toge ther with the Jander equation 
gives r i s e to the Kroger-Ziegler equation, 
Kg.gl^^ = [1 - (1 - x ) ^ / 5 ] 2 (3) 
Zhuravlev, Lesokhin and Templeman modified the 
Jander r e l a t i o n by assuming tha t the a c t i v i t y of the r e a c t -
ing substance was propor t iona l to the f rac t ion of unreacted 
ma te r i a l (1 -x ) . 
Gins t l ing and Brounshtein suggested a model using 
Jander ' a assumptions without the considerat ion of the para-
bo l i c r a t e law. They used B a r r e r ' s growth of the product 
l ayer equation for steady s t a t e heat t r a n s f e r through a 
sphe r i ca l s h e l l . They ar r ived at the following form. 
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V B * = ' . | x . (1 . x)2/5 (5) 
Carter -^  improved the Ginst l ing-Brounshtein model by 
acco\iiiting for the difference in. the volume of the product 
l aye r with respect to tha t of volume of react ant consximed. 
He introduced a new term (Z) to account for the volume 
change, where (2) stands for the volvune of the r eac t ion 
product formed per uni t volume of reac tant consumed. He 
obtained the equation 
v- ^ Z-(Z-1)(1-x)^/^ - [ U ( 2 - 1 ) x 3 ^ / ^ 
K^_^t = — (6) 
fift 
Valensi developed the same sol id s t a t e r eac t ion 
model mathematically from a d i f f e ren t s t a r t i n g po in t . Thus 
equation (6) i s re fer red to as the Valensi -Car ter equation. 
Dunwaid-Wagner derived an equation for sol id s t a t e 
r e a c t i o n s using the P i c k ' s second law for d i f fus ion in to or 
out of a sphere. The equation i s 
E^ t = In - ^ (7) 
All the models discussed here have drawback that they 
are based on the reaction of spherical particles of uniform 
radius. However, they are able to explain many solid state 
reactions in a satisfactory way. There are many other models 
which take into account the particle size gradation. These 
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have been developed by Miyagi , Sasaki and Gallagher . 
Nuclei growth model 
The theory of nucleatlon and growth of the product 
phase initially formulated for the kinetics of phase change 
processes ^, has been successfully employed to decompo^ 
74. 
sition. reactions . This theory considers two steps: 
(1) Formation of the nuclei of the product phase at active 
sites, and (2) the growth of these nuclei. The general form 
of the expression for conversion time relationship, 
ln(1 - x) - -(Kt)^ (8) 
The parameter m accotmts for the reac t ion mechanism nuclea-
t l o n r a t e and geometry of the n u c l e i . I f a reac t ion i s 
represented by t h i s model, a plot of l a ( I n l / l - x ) vs Int 
should give a s t r a igh t l i ne with slope m and in te rcep t 
m InK. 
Applications of nuc le i growth model to s o l i d - s o l i d 
r e a c t i o n s are r a r e . Hulbert and K l a w i t t e r ^ applied i t to 
the reac t ion between zinc oxide and barium carbonate. 
Phase boundary models 
When the diffusion of the reac t ant species through 
the product layer i s fas t compared to r eac t i on , the k i n e t i c s 
i s control led by phase boundary r e a c t i o n s . Models have been 
developed for d i f fe ren t geometries and corresponding boundary 
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conditions. Thus, for a sphere reacting from the surface 
inwards, the fractional reaction completed x and time t are 
related "by 
Et = 1 - [1 - x ] ^ / ^ (9) 
For a circular disc reacting from the edge invards, or for 
a cylinder, the relation is 
Kt = 1 - [1 " x] ^/^ (10) 
and for a contracting cube, 
X = SK^t^ - 12K^t^ + 6Kt (11) 
Several empirical rate laws have been proposed to 
describe the course of different solid state diffusion con-
trolled reactions. 
(i) Y^ = Kt 
(ii) Y^ = Kt 
(iii) Y^ + Yb = Kt 
(iv) Y = Kt 
(v) Y = K log t 
(vi) Y^ = 2Kt exp[-PY] 
Generalized equations Y ^ Kt^ and Y^ = Kt have also been 
used by Rastogi and Beg , r e s p e c t i v e l y . In these equa-
t i o n s Y i s the th ickness of product l aye r , t i s t i m e , K, b , 
n and P are constants . 
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Factors affecting Reactivity in the Solid State 
The following factors influence the react iv i ty in the 
solid s ta te : (1) Part ic le size and contact area, (2) Strain, 
(3) Temperature, and (4) Additives. 
Par t ic le size and contact area 
Par t ic le size d is t r ibut ion has a marked effect on the 
course of a solid state reaction. The smaller par t i c les in 
the ensemble will be consumed in a short period of time, 
while the bigger par t ic les are s t i l l reacting. Hence, the 
reaction rate per unit volume, which i s based on the radius 
of an individual par t i c le , wi l l be affected. Par t ic le size 
d is t r ibut ion wil l also have an effect on voidage and hence 
on the effective contact area, since smaller pa r t i c l es can 
go into the i n t e r s t i t i a l spaces formed by bigger pa r t i c l e s . 
The CaCO -^SiOp reaction was studied by Montierth, Gordon and 
77 Cutler with a view to study the role of par t ic le size of 
the reactants on the ra te of the react ion. Thermogravimetric 
technique was used to study the reaction at temperatures 
between 700-850 C. The experiment was carried out in a COg 
atmosphere and the measured weight lose was at t r ibuted to 
the occurrence of the react ion. In t h i s reaction they took 
two different par t ic le sizes of quartz and brought them into 
contact with two different par t ic le sizes of calcium carbo-
nate . Bach time a different contact area was available for 
the react ion. They observed that the greater the contact 
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a r e a t h e more enhanoed was t h e r e a c t i o n . Kutty and Murthy 
s t u d i e d t h e k i n e t i c s of a s o l i d s t a t e r e a c t i o n between u r e a 
n i t r a t e and t r i c a l c l u m phosphate and they observed t h a t t h e 
r e a c t i o n o'beys a f i r s t o r d e r e q u a t i o n , when both t h e r e a c -
t a n t a a re f i n e and a p a r a b o l i c r a t e law, when t h e r e a c t a n t s 
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a r e c o a r s e , Johnson and Ga l l aghe r have r e p o r t e d t h e e f f e c t 
of s u r f a c e a r e a of f e r r i c oxide powder on the r a t e cons t an t 
i n t h e system f e r r i c ox ide- l i th ixun c a r b o n a t e . P a r t i c l e s i z e 
w i l l a l s o a f f ec t t h e s i n t e r i n g behav iour of s o l i d s , s i n c e 
owing t o d i f f e r e n t r a d i i , t h e g e o m e t r i e s of t he neck formed 
and consequen t ly t h e i r growth k i n e t i c s w i l l be d i f f e r e n t . 
Goodlson and White have observed the e f f e c t of p e r c e n t a g e 
of f i n e and coarse p a r t i c l e s on s i n t e r i n g b e h a v i o u r . 
S t r a i n 
S t r a i n i s a measure of t h e t ime independent d i s p l a c e -
ment of the atoms from t h e i r mean p o s i t i o n s t o some o t h e r 
nearby p o s i t i o n s . L a t t i c e s t r a i n may a r i s e from e x t e r n a l 
p r e s s u r e , from i m p e r f e c t i o n s or from t h e e z i s t a n c e of impu-
r i t y atoms of such a n a t u r e a s t o d i s t u r b t h e r e g u l a r i t y of 
t h e l a t t i c e . I t has an impor tan t e f f e c t on r a t e of r e a c -
t i o n s . Such s t r a i n may ac t a s a source of energy , and so 
aid the chemical p r o c e s s o r i t may i n c r e a s e t h e ease w i th 
which i m p e r f e c t i o n s a re formed and hence i n c r e a s e t h e r a t e 
of d i f f u s i o n . Morrison and Nakayama s t u d i e d t h e e f f e c t of 
s t r a i n on the r a t e in a r e a c t i o n of c h l o r i n e wi th potassiujn 
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bromide. 
Temperature 
It is a well established fact that velocity of a 
chemical reaction increases with rise in temperature. In-
crease in temperature provides extra energy to the reactants 
and enables them to overcome the barrier of interaction and 
thus leads to a tremendous increase in reaction velocity and 
hence in rate constants. The only known exception to the 
generality of this statement is the reaction 2N0 -t^  Op —^ SNOp 
which exhibits a small negative temperature coefficient. 
Arrhenius first pointed out that the variation of 
rate constants with temperature can be represented by an 
equation similar to that used for equilibriiam constants. 
d In K ^  \^ 
dt ^^2 
where K is the reaction rate constant, T the absolute tempe-
rature, R the gas constant and E the energy of activation. 
In simple terms Arrhenius equation can be expressed as 
K = Ae"^a/^T ^^2) 
where A i s a constant . 
Addit ives 
Both catalytic and inhibitory effects are exhibited 
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by the addi t ives in a s o l i d - s o l i d mixed powder system. Thus, 
they may affect the c r y s t a l s t ruc tu re of a sol id by i n c r e a s -
ing or decreasing the number of defec ts in the l a t t i c e , 
thereby creat ing or diminishing vacancy concentra t ion . Such 
e f f ec t s are well known in so l id s t a t e chemistry, p a r t i c u l a r l y 
in connection with the semiconducting p r o p e r t i e s of a so l id . 
In f a c t , doping i s a very important technique in semiconduc-
t o r technology. The conductivi ty of a sample can be increased 
or decreased by addi t ion of the dopants . These e f f ec t s de-
pend on the ionic r a d i i of the dopant and t h e host ca t ion . 
Thus, in n icke l oxide, addi t ion of Li increases the conduc-
t i v i t y , whereas in zinc oxide, i t decreases the conduc t iv i ty . 
On the other hand, Ga ions have exact ly opposite e f f ec t s 
on the two. 
Schwab and Rau studied the exchange reac t ion 
ZnO 4- CuSO. > 2nS0. + CuO. Reaction r a t e was found to be 4 4 
.k. 
accelerated by the addition of Li to zinc oxide and retarded 
"54-
by the addition of Ga to it. On the other hand, in the 
reaction NiO + MoO, — > UiMoO^, addition of Cr^ "^  to nickel 
oxide enhanced the rate, while that of Li retarded it. 
Saabo^ made experiments with pure nickel oxide and 
ferric oxide, the activation energy was found to be 95 KCal/ 
mole; addition of 1 .09^  chromic oxide to the nickel oxide 
reduced it to 59 KCal/mole, whereas addition of 1.0^ titanium 
oxide to the ferric oxide raised it to 132 KCal/mole. 
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Huoleatipn 
In a solid s t a t e reaction i n i t i a l l y surface diffusion 
rapidly coats the surface of the reacting par t i c les with a 
continuous product layer, the rate of reaction is taken to 
"be the ra te of diffusional growth of the product blanket. 
This i s not usually the case, especially in phase transfor-
mations and decomposition reactions or new crysta l l ine phase 
formation from supersaturated solutions. Phase transforma-
t ions take place more rapidly than i s expected from the 
reaction rate theory , However, the rate of transformation 
i s determined by two d is t inc t processes, nucleation and 
growth, each having character is t ic activation energies that 
are usually different. 
Nucleation i s the process whereby par t i c les of more 
stable phases are formed which are large enough to be thermo-
dynamically stable. Nucleation can occur in a crysta l in 
two ways. A local imperfection in the crys ta l , say a point 
or l ine defect, produces s t ra ins in i t s v ic ini ty so that 
the t o t a l energy required for the t rans i t ion to a new confi-
guration i s lowered by the s t ra in energy at the s i t e of the 
imperfection. The reduction in the activation energy means 
that such s i tes may become preferred nucleation centres and 
so called heterogeneous nucleation takes place. Nucleation 
that takes place uniformly throughout the parent phase, i s 
called homogeneous nucleation. 
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Homogeneous nucleation 
In homogeneous nucleation the probability of nuclea-
tion occurring at any given site is identical to that of any 
other site within the volume of the parent phase. In this 
type of nucleationI spontaneous fluctuations of atomic con-
figurations serve to form nuclei. When a small region of the 
second, more stable phase is formed, there is a lowering of 
the volume free energy. However, there is also a surface 
free energy for the nuclei, and there may be an elastic 
energy associated with strains in the lattice to accommodate 
the nuclei, and both of these oppose the change. Therefore, 
the change in the free energy when a nucleus is formed is 
AG = -^G^ "^ -^ s^ "^ -^ e^ ^^^^ 
where v , s and e denote the free energy changes due to the 
volume chemical change, the formation of a new sur face , and 
the e l a s t i c s t r a i n . AG-^  i s negative because the t ransforma-
t i o n proceeds from an unstable to a s t ab le s t a t e . 
To a f i r s t approximation we can ignore the l a s t term. 
^G i s propor t ional to t h e volume of the n u c l e i , whereas 
AGg i s propor t ional to t h e i r surface area. I f Ag i s the 
free energy change accompanying the formation of a sphe r i ca l 
new phase p a r t i c l e , we can w r i t e , 
2 4 T r r ^ A g ^ 
A g = 4Trr A gg + ^ ( ^4 ) 
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where ^gg is the surface free energy per unit area, r la 
the radius of the nucleus, A gy is the change in free energy 
(negative) resulting from the transformation for unit volizme 
and the term due to elastic strain is assumed to be negli-
gible, Upto a certain critical size r"*, any enlargement of 
the nucleus requires an increase in free energy, because the 
2 
r dependence of AGg dominates, but beyond the critical 
size the decrease in free energy due to chemical change, 
with its r dependence, outweighs the increase in free energy 
required to produce new surface. Hence, fluctuations may 
produce small nuclei, and they may get the critical size and 
grow as further increase in their size result in a decrease 
of the total free energy for the system. 
The number of nuclei formed per unit volume of solid 
is given by 
oe-^S*/^ (15) 
where NQ is the total ntunber of particles in the new phase 
and Ag* is "the increase in the free energy for a nucleus of 
critical siae. The critical size of the nuclei can be deter-
mined by differentiating equation (14) with respect to r and 
setting this derivative equal to zero, (d A g/dr) = 0, with 
the result, 
r* = ^ (16) 
Ag^ ^ '' 
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and the corresponding critical free energy is 
Ag* = ^ (17) 
5( 4g^)2 
The rate of nucleation depends on the critical free 
energy as well as on the frequency with which the atoms jump 
across the interface from the parent phase to the daughter 
phase. According to Volmer and Veher , the frequencies of 
such Jumps in a condensed system are given by 
f = S* ^^e[-^) (18) 
where AGQ^ i s free energy of activation of a single atomic 
jump to the embryo surface, S* i s the number of atoms adja-
cent to the embryo surface when th i s i s of c r i t i c a l s ize , 
13 -1 
'\)^c^^0 sec i s the vibration frequency of the atoms and 
K i s the Boltzmann*s constant. 
Heterogeneous nucleation 
In heterogeneous nucleation, the probabili ty of nuc-
leation occurring at certain preferred s i t es in the assembly 
i s much greater than that at other s i t e s . In a solid-solid 
transformation, foreign inclusions, grain boundaries, i n t e r -
faces, stacking faults and dislocations can provide s i t e s 
for preferred nucleation. The formation of nuclei in hetero-
geneous nucleation i s influenced by the re la t ive in te r fac ia l 
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tensions between the nucleus and the imperfections (T . and 
"between the parent phase and imperfection CT . 
where A G-^  is the change in the free energy due to the for-
loation of a unit area of interface between the nucleus and 
the imperfection. According to this equation the free 
energy decreases (the change is negative) when 01• > CC. 
meaning that the interatomic forces of attraction between the 
nucleating phase and the imperfection are greater than those 
between the parent phase and the imperfection. 
Analysis of the rate expression for nucleus formation 
in heterogeneous system shows that the rate of nucleation, N, 
is proportional to 
N ^ e x p ( - j ^ ) (20) 
where Ap?^ is the free energy of formation for the criti-
cally sized nucleus and is inversely dependent upon the 
square of the free energy difference between the solid phases, 
AFg. For spherical nuclei 
F/ = 1 (21) 
(AF3)2 
where Y is the strain energy per unit interfacial area bet-
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ween phases and V is the molecular volume of the nucleating 
phase. AFg can be expressed in terms of the reaction pres-
sure, P and the pressure P^ for univarient equilibriuiD at 
the reaction temperature, 
AFg = "RT In P/Pg (22) 
By substituting equations (21) and (22) into equation (20), 
the relation between the nucleation rate and the reaction 
pressure becomes, 
log H = C^(-RT In P/Pg)"^ -t- C2 (23) 
where C^  and G2 are constants. 
In solid state transformations grain boundaries and 
dislocations provide important s i t e s for heterogeneous nuc-
leat ion. I t has been shown that the grain boundary energy 
decreases the free energy of nucleation. This i s so because 
s t resses produced during nucleation are more readily r e -
lieved at grain boundaries, Oibbs has made calculations 
for nucleation at various kinds of grain boundary s i t e s . 
The theory of nucleation at dislocation s i t es has been given 
Q ' 7 
by Cahn and calculations of ra te of heterogeneous nuclea-
t ion have been performed successfully for various types of 
transformations ' ' . Growth i s the increase in size of 
product par t ic le after i t has nucleated. Therefore, i t i s 
obvious that nucleation and growth are complimentry and take 
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place almost simultaneously-
Sintering 
Sintering of solids is a process of great technologi-
cal importance, particularly in the formation of ceramic 
bodies and in powder metallurgy. It is one of the most 
important phenomena which takes place when mixtures of 
crystalline solids are heated. It can. affect both the rate 
of reaction between solid substances and also the properties 
of the resulting products. Therefore, the role of sintering 
may be taken into consideration in the study of solid state 
reactions. 
Sintering is not a phase change, but it does involve 
a reconstituting of the crystallites of the solid. A mass 
of separate, small particles of a material are joined to-
gether in sintering, under the influence of heat, to form a 
solid, dense body of great strength. The resulting mass 
still contains pores and voids, so that the density falls 
short of that for a single crystal, but the open volume is 
greatly reduced as compared with the powder. Although t,he 
technological process has been known for many centuries, the 
explanation, which depends upon solid state diffusion and 
defects in solid, has developed only within the last decade 
or so. 
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Sintering-consists of several stages. First the 
irregular corners of each particle are rounded off, leaving 
smooth surfaces. Then the particles "begin to Join together 
and form narrow necks at the points of contact between the 
particles, with a continuous sponge-like pore structure. 
The necka gradually thicken and the pores decrease in size; 
this stage is followed by one in which individual grains 
grow at the expense of others, leaving finally a few pores 
Within individual grains. 
Several mechanisms have been proposed for the sinter-
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ing phenomenon by Pines -^, Eucaynski^ , Herring , Kingrey , 
Cohle and Burke^ -^  etc. Tammann" refers to the importance 
of second stage when the particles join together. From the 
point of view of kinetics and mechanism, the second stage, 
i.e. the one where the particles join together or when the 
voids and pores are eliminated is the most important one. 
The possible mass transport mechanisms in the second stage 
of sintering are: 
(1) Viscous or p l a s t i c flow 
(2) Evaporation or condensation 
(5) Volume or surface d i f fus ion . 
The basic idea of the theory of s in t e r ing i s t h a t , 
due to the sharp curvature in the neck foirmed between two 
p a r t i c l e s , a vacancy gradient was set up which, would promote 
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diffusion currents in t h a t region. This theory was ve r i f i ed 
toy a number of model experiments, employing the system of 
control led geometry such as spheres, cy l inders , and p l a t e s . 
The inves t iga ted systems, Cu*Ni, Au-Ni, and Fe-Ki, at the 
temperature of s i n t e r i n g , form a s e r i e s of solid so lu t i ons . 
I t has been noticed t h a t in t e rd i f fus ion predominated during 
the f i r s t stage of s i n t e r i ng processes . The s t r e s s e s and 
vacancy concentration grad ien t s covered by the sharp curva-
tu re in the contact area , appeared too weak to offset the 
s trong chemical concentration g r a d i e n t s . Thus the whole 
process of s in t e r ing was dominated in the f i r s t stage by 
i n t e rd i f fu s ion . This i n t e rd i f fu s ion , accompanied by osmotic 
phenomena such as Kirkendal l-Hart ley e f f ec t , caused an a r r e s t 
in the growth of neck between two adjacent p a r t i c l e s , u n t i l 
the chemical gradient across the neck was leveled out . 
Since, surface area of the sol id bodies decreases in 
the s i n t e r i n g , the thermodynamic p o t e n t i a l of the system 
which i s regarded as the dr iv ing force also decreases . I t 
fo l lows, therefore , tha t the g rea t e r i s the surface energy, 
the g rea te r i t s thermodynamic p o t e n t i a l . This means tha t 
f ine grained powders s i n t e r more rap id ly than coarse powders. 
G-oodison and White studied the s i n t e r i ng of MgO-
^eJ^-T system. They found tha t the r a t e of dens i f i ca t ion 
depends on the r a t i o of coarse and fine p a r t i c l e s in the 
compact. Thus the most pronounced compact contrac t ion was 
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observed in samples composed of 90^ fine MgO mixed with 10?^  
coarse '^e^^-z-
Same model experiments on NiO-Fe^O-, and MgO-FepO, 
systems have been carried out by G. C. Kuczynski . He 
noticed that in both systems the divalent cation diffusion 
rates seem to be higher than for the ferric ion. This un-
even interdiffusion causes swelling of the FepO, particle 
underneath the neck formed between two oxides. Carter also, 
studying the formation of spinels in MgO-AloO, and MgO-FepO, 
systems, noted t.hat whereas diffusion of MgO into FepO, had 
occurred, no appreciable diffusion of Fe^O^ into MgO was 
observed. A similar observation was made by Goodison and 
White. Although, MgO diffusion seems to be faster than that 
of FspO, as indicated by the volume increase of Fe^O^ parti-
cles, some Fe.O^ also diffused into MgO manifesting itself 
by red coloration of MgO crystals near the interface and on 
the surface of the MgO crystal. Carter also reported the 
existance of considerable stresses in the spinel phase. 
Stresses were also present during sintering of NiO-FepO^, and 
WgO-FepO, systems, causing frequent severance of the spinel 
crystals formed in the neck from ferric oxide base. This 
slowed down appreciably the rate of neck growth. The shape 
of the necks and their large radii of curvature suggest at-
once that their growth is not controlled by the vacancy gra-
dient due to surface tension. In fact, the neck radius 
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. ..es roughly prooortioually to the square root of ti.e 
..^ to t^/5 is Observed for a pure sintering process, 
rather than to ^ 
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CHAPTER I I 
CHEMISTRY OF SILVER TUNGSTATE 
AI^ D I^RCURY(II) HALIDES 
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Several compounds including mixed oxides containing 
two or more metal ions have been ex tens ive ly used in var ious 
i n d u s t r i e s as c a t a l y s t s , sol id s t a t e e l e c t r o l y t e s , phosphors, 
r e f rac to ry ma te r i a l s , noncorrosive pigments, nuclear f u e l s , 
f luxing agents and p r o p e l l a n t s . 
Ago^O^ when mixed with Agl ( in 1 :4 . ra t io ) and heated 
at 400 C for 18 hours, a new compoxind Ag/-I^WO. was obta ined, 
which i s used as sol id e l e c t r o l y t e as i t has high ion ic con-
d u c t i v i t y of 0.047 (ohm cm)" at 25°C. 
Like the molybdates, t ungs ta t e ions a lso have a t e t r a -
hedra l geometry in aqueous as well as in sol id s t a t e . Mono-
2-
meric (V0-) ion e x i s t s only in a lka l ine so lu t ion as in 
a c i d i c solut ion complicated polymerization reac t ion occurs . 
2 E a r l i e r s tud ies showed the exis tance of only a 
s ing le form of s i l v e r mono-tungstate (AgoWO^), s i l v e r d i -
t ungs t a t e (Agp^?*^?^ ^^^ s i l v e r t e t r a t u n g s t a t e (AgoW^O.,) . 
Recent ly , i t was reported tha t the monotvmgstate might ex i s t 
3 in more than one form . 
4 o 
Samples of Ag2V0. were p r ec ip i t a t ed at (a) 85-90 C 
and (b) 0-5 C while maintaining the pH in the range 8-10 
throughout the p r e c i p i t a t i o n . The X-ray d i f f r a c t i o n p a t t e r n s 
of these mate r i a l s showed them to be d i f f e r e n t . The two 
d i f f e r e n t c rys ta l lograph ic forms were designated as a and ^ 
r e s p e c t i v e l y . Both had compositions corresponding to Ag2V0^. 
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7 fl 
v e i l known ' . 
q 
Grabaffi and Hepler^ determined the heat of so lu t ion 
of AgpTO^ as 14.7 KCalAole from ca lo r imet r i c measurements, 
in which the experimental condit ions were taken to avoid tne 
formation of po ly tungs ta te , which i s found d i f fe ren t from 
tha t calculated "by Pan as 12.1 KCal/mole from the tempera-
tu re va r i a t i on of the s o l u b i l i t y product . By adopting the 
former heat of solut ion Dellein et a l . ca lcula ted 
S° = 53 KCal/ffiole, A H^ = -220.7 KCal/mole; ZiG^ = -198 KCal/ 
mole, iC = 4 X 1 o" and E = 0.434 V. Thermodynamic p ro -
p a r t i e s of some tungs t a t e s have also "been reported by the 
same authors . 
The three polymorphic forms of s i l v e r tungs ta t e have 
1 2 
been reported more recen t ly by Berg et a l , ^^-Agn^O. i s 
orthorhombic space group Pn 2n, witn a 10.820, b 12.018 and 
o 
c 5.900 A. 3-Ag2W0, i s hexagonal space group P6-i or P6^/m, 
with a 11.0925 and c 7.5242 A. Y -Ag2V0^ i s cubic space 
o 
group F-d 3 m, sp inel type with a 9.352 A. 
HgVO^ i s formed as a r eac t ion product in Ag^ WO^  and 
mercury(IX) ha l ides r e a c t i o n s . HgWO^  and H^oO. have been 
reported by S w i n d e l l s ^ and Saxena and Gupta^ who prepared 
these substances by p r e c i p i t a t i o n from aqueous so lu t ions of 
1 R 
mercuric n i t r a t e and sodium t u n g s t a t e . Sle igut et a l . 
obtained large c r y s t a l s of these substances by reac t ion of 
49 
HgCl2 w i t h lia2^0j^.2R^0 o r Na^MoO ^H^O, r e s p e c t i v e l y a t lOO^C 
i n c o l l a p s i b l e go ld t u b e s u n d e r 3 Kbar p r e s s u r e . They have 
been c h a r a c t e r i z e d a s m o n o c l i n i c s p a c e g roup C 2 / c w i t h t h e 
l a t t i c e c o n s t a n t s g i v e n i n T a b l e I . 
HgWO^ 
HgMoO^ 
C2/c 
C2/c 
TABLE I 
a(i) 
11.375 
11.282 
Hi) 
6.007 
6.005 
c(I) 
5,145 
5.154 
i9(°) 
113.20 
112,27 
nP) 
323.1 
325.8 
I n t h e s o l i d s t a t e , a l l t h e m e r c u r i c h a l i d e s e x c e p t 
Hgl2 a r e o r t h o r h o m b i c . Hgl2 h a s t e t r a h e d r a l t y p e s t r u c t u r e 
( F i g . 1 ) . 
CI 
Hg 
CI \ CI 
\ CI 
'Hg 
\ CI Hg CI 
^ C l / / - X 
^ x / / ^Cl 
CI >Hfe CI / 
/ 9^1 / 
CI / CI r 
CI 
( a ) 
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(b) 
(c) 
Fig, 1 . The environment of mercury in the c r y s t a l s t r u c t u r e 
of HgCl2 ( a ) , HgBr2 (b) and Hgl2 (c) 
In mercuric ch lo r ide , mercury has d i s t o r t e d oc tahedra l 
s tereochemis t ry , the s t r u c t u r e i s e s s e n t i a l l y molecular ~ , 
having d i s c r e t e l i nea r CI — Hg — Cl molecules. These are 
arranged in sheets stacked one above another along the 
C-axis ^.- Mercuric bromide has a layer s t ruc tu re of deformed 
TABLE I i r 
P h y s i c a l p r o p e r t i e s of m e r c u r y ( I I ) h a l i d e a 
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P r o p e r t y HgCl. HgBr, Hgl. 
M e l t i n g po in t {°C) 
^ S f u s i o n (KCal/mole) 
^ ^ f u s i o n (Cai /deg/mole) 
B o i l i n g po in t (°G) 
^ ^ v a p (KCal/mole) 
^^vap (Gal /deg/mole) 
' ^ ^ s u b l (KCal/mole) 
^'^Bu'bl (Cal/deg/iEole) 
T r a n s i t i o n t empera tu re ( C) 
D e n s i t y ( l i q ) (gm/cm ) 
(C, Pyk) 
(C, X-ray) 
R e s i s t i v i t y (ohm cmxlo" ) 
Colour 
Molecu la r s t r u c t u r e 
C r y s t a l s t r u c t u r e 
277.00 
4 .64 
7 .50 
304.00 
14.08 
24-40 
18.50 
33.60 
-
4.44/280°C 
5.44 
-
1,22/294^0 
White 
L inea r 
O r t h o -
rhombic 
241.00 
4 .28 
7.70 
319.00 
14.15 
23.80 
18.80 
36.60 
-
5.12 /241° 
6.05 
-
6.90/243° 
White 
L inea r 
Or tho-
rhombi c 
257.00 
4 .43 
8 .60 
354.00 
14.14 
22.70 
19.90 
37 .50 
127.00 
C 5.24/255°C 
6.30 
6.38 
C 0.12/260°G 
Red (a) 
Yel low(^) 
Orange 
L i n e a r 
(1) a , red 
T e t r a -
gona l 
(2) ^ , ye l low 
Or tho -
rhombic 
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In free molecules or complex ions of characteristic 
coordination number of two, three and four for covalent 
bonding and eight for ionic bonding are known. Although 
27 Carlin et al, claim to have prepared complex of mercury 
but this structure for a mercury compound has not been backed 
by complete structure determinations. A series of halomer-
cury arsenites have been reported by Puff et al. Masa-
29 
loT proposed a general formula for the calculation of 
thermodynamic properties of complexes of mercury(II). Heats 
of formation of mixed halide complexes and complex ions are 
listed in Table IV. 
TABLE IV 
A. Heat of formation of complex i o n s of m e r c u r y ( l l ) at 25 C 
i n KCal/mole. 
AH o AH 
[HgCl2BrJ • 
[HgClBr^] • 
[HgCl^Br] ^ " 
[ H g C l ^ I ] ^ " 
CHgBr^lJ ^ " 
[HgClBr^] ^•• 
[HgCl^Br^J ^" 
8 5 . 0 
7 5 . 6 
1 2 2 . 2 
111 . 6 
8 7 . 4 
1 0 6 . 2 
1 1 4 . 5 
[HgCl2l2^ 
[Hgl^Cl] 
2 -
2 -CHgl^Br] 
[HgClgBrl] 
[HgBrgCllJ 
[Hgl2ClBr] 
2-
2 -
2 -
92 .8 
7 6 . 0 
66,0 
105.6 
95 .5 
8 4 . 8 
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B. Heat of formation of mixed halide complexes of potassium 
and mercury at 25*^C in KCal/mole. 
K:[HgCl2Brj 
K[HgCl2l] 
K[HgBr2Cl] 
KtHgBr^I] 
K[Hgl2Cl] 
2:[Hgl2Brj 
K[HgClBrI] 
KjtHgCl-jBr] 
K2[HgCl-5l] 
K2[HgBr^Cl] 
AH^ 
15t .1 
U 2 , 0 
1 4 2 . 5 
1 2 4 . 6 
124 .1 
U5.5 
1 3 3 . 3 
2 5 6 . 2 
2 4 5 . 6 
2 3 7 . 8 
K2 [HgBr^lJ 
£21^^613^1] 
K2[HgI^Br] 
K2[HgCl2Br2] 
Z2[HgGl2l2] 
Z2fHgBr2l2^ 
K2[HgCl2BrI] 
K2tHgBr2ClI] 
K2[Hgl2ClBr] 
AH° 
2 1 7 . 8 
2 0 5 . 8 
1 9 6 . 6 
2 4 7 . 0 
2 2 5 . 8 
2 0 7 . 5 
2 3 6 . 4 
227 .1 
2 1 6 . 4 
Evidence for the existanc© of mixed halidee of mer-
cury (II) in the liquid atate (in MeOH) were obtained by Raman 
3n-'5'^  "^ 4 
spectra -^^  and in molten state by Zangen . In the gaseous 
phase Muller^ obtained the discrete absorption band struc-
ture. In solid state several mixed halides of mercury have 
been reported by Rastogi and Dubey ' and their lattice 
parameters are listed in Table ?. 
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TABLE ? 
Lattice parameters of mercury mixed halides 
Compound 
HgBrI 
HgPBr 
HgFI 
HgClBr 
C r y s t a l type 
Orthorhombic 
Orthorhombic 
Orthorhombic 
Orthorhombic 
a{i) 
7.26 
16.56 
13.03 
11.24 
Hh 
14.60 
6.56 
6.28 
7 .45 
0(1) 
4.80 
8 .08 
5.49 
13.42 
Z 
4 
12 
6 
12 
They had prepared these compounds by the interaction of 
• T O 
halogen vapours on so l id mercurous h a l i d e s . Ansar i e t a l . 
have i n v e s t i g a t e d two r e a c t i o n s (1) Hg2Cl2(s) + Br2(g) aJid 
(2) HgCl2(s) + HgBr2(s) by an X-ray method. They showed 
t h a t t h e two r e a c t i o n s y i e l d two forms of t h e mixed h a l i d e 
HgClBr, des igna ted as a-HgClBr and j5-HgClBr, r e s p e c t i v e l y . 
The c e l l pa ramete r s of t h e two a r e aa f o l l o w s ; 
a-HgClBr 
^-HgClBr 
, 0 
a(A) 
6.196 
6.780 
Ml) 
13.120 
13.175 
c(X) 
4,37 
4 .17 
Z 
4 
4 
P(gm/cm') 
5.91 
5-40 
37 
Pe rhaps t h e conclus ion of Ras tog i and Dubey^ t h a t X-ray 
p a t t e r n ob ta ined by them i s of a s i n g l e mixed h a l i d e , HgClBr, 
l ed them to i n c o r r e c t c e l l p a r a m e t e r s which they e x p l a i n e d 
a s due t o e r r o r s caused from X-ray a b s o r p t i o n by heavy a toms. 
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Several inves t iga t ions of mercury(Il) ha l ides comp-
lexes in aqueous so lu t ion , applying d i f fe ren t methods have 
"been reported in the l l t e ra tu re^-^ ' , B.M.F, measurements 
on d i l u t e so lu t ions have shown tha t HgX , EgXZ and HgX^" 
complexes are formed. Spectroscopic s tud ies show t h a t the 
complex ion HgX^" in solut ion i s a r egu la r te t rahedron . 
X-ray s ca t t e r i ng data show tha t Hgl^ i s approximately a pyra-
2- A^  44 
midal and Hgl. t e t r a h e d r a l . Linhart , by measuring the 
d i s t r i b u t i o n of HgClp between water and benzene phase showed 
2- - 2" 
that the species Hg2Cl4 , Hg2Clc and Hg2Clg are formed, 
2" The only structure with discrete HgCl^ groups appeared to 
be a derivative of the alkaloid perololine of composition 
C2^H N20,.0.5HgGl^.H20 '^. Two new complexes AgHgCl2l and 
AgHgClIp have been obtained and their structures have been 
46 
studied by Beg et al. . A classification of the other known 
chloromercurate structures has been given by Damm and Weiss . 
Bromocomplexes of mercury are not well documented 
apart from a rather dubious assignment of the provksite struc-
ture to GsHgBr-. The only known structure is that of NMeiHgBr, 
which consists of NMe. and pyramidal HgErZ ions loosely 
4-8 
linked into chains . Mercury thus has a distorted four co-
ordination. The crystal structure of the yellow, tetragonal 
Agg^g^A 3^-s cube close packed iodine atoms, with some of the 
+ 2+ tetrahedral holes filled by Ag and Hg atoms in a regular 
manner. Its red modification has cubic structure of zinc-
51 
blende'^^. The isomorphous Cu2Hgl4 shows analogous thermo. 
chromic properties. 
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Prepara t ion of Si lver Monotungstate 
Si lver monotiangstate was prepared in dark, by p r e c i -
p i t a t i o n at 85-90^C in the pH range 8-10 from approximately 
0.5 M aqueous Na2W0^ solut ion (E. Merck) by AgKO^  (E. Merck) 
so lu t ion of s imilar concentra t ion, prepared in double d i s -
t i l l e d water. The p r e c i p i t a t e was co l lec ted and washed with 
double d i s t i l l e d water, dried in dark at 60*^ 0 for two days. 
Dried p r e c i p i t a t e was powdered in a mortar . To avoid the 
exposure by l i g h t , s i l ve r tungs ta t e was kept in a dark 
b o t t l e . To ident i fy the product , X-ray diffractogram of the 
product was recoi^ied. All i t s d values were the same as 
2 
reported for silver tungstate . 
Preparation of Silver lodobromide 
Silver nitrate (E. Merck), potassium bromide (E.Merck) 
and potassium iodide (E. Merck) were used without further 
purification. The silver lodobromide was precipitated*^ from 
an aqueous solution. Aqueous solutions of 0.05 M concentra-
tion of potassium bromide and potassium iodide were prepared 
separately and mixed. The aqueous solution of 0.1 M silver 
nitrate was then gradually added to the mixture. The preci-
pitate was flocculated and washed with deionized distilled 
water. Completeness of washings was tested by the addition 
of potassium iodide as the washings become turbid if any of 
silver ions are remained. The precipitate was dried in dark 
at 110°G for 48 hours. This precipitate is not only mechani-
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c a l mix t i i res but s o l i d s o l u t i o n as w e l l . X-ray d i f f r a c t o - . 
gram of t h e product was r e c o r d e d . The observed d v a l u e s and 
cor respond ing i n t e n s i t i e s a re r e p o r t e d i n Table 1, 
TABLE I 
Z-ray d i f f r a c t i o n p a t t e r n fo r Ag(Br , I ) t aken by ' f i o r e l c o ' , 
d i f f r a c t o m e t e r ( P h i l i p s - 1 0 1 0 ) u s i n g CuK^ r a d i a t i o n and N i -
f i l t e r , app ly ing 32 Ev a t 12 mA. 
o d i n A I / I , o d i n A I / I o 
3.9040 
3.6700 
2,9274 
2,2730 
2.0660 
51 
60 
100 
45 
80 
1.9400 
1.6900 
1.4650 
1.3100 
1.1970 
25 
26 
10 
18 
9 
P r e p a r a t i o n of Mercury bromoiodide 
5 
HgBrI was prepared by Oppenheim*s method . Bquimolar 
mix tu re of HgBr2 ( A l b r i g h t & Wilson L t d . , London) and Hgig 
( E . Merck) i n ace tone were t a k e n , and mixed. Yellow s h i n i n g 
c r y s t a l s s e p a r a t e out a f t e r s t a n d i n g for some t i m e . These 
were f i l t e r e d off and washed wi th double d i s t i l l e d wa t e r . 
The X-ray a n a l y s i s showed i t t o be s i n g l e phase HgBrI, 
HgBrI was a l so p repa red by h e a t i n g t h e eguimolar mix-
64 
t u r e of HgBrj and Hgl2 i n s o l i d s t a t e a t 100 C. Af te r 
keep ing t h i s mixture fo r f i v e days , ye l low s h i n i n g c r y s t a l s 
were o b t a i n e d . X-ray a n a l y s i s showed i t to be s i n g l e phase 
HgBr l . The p a t t e r n i n e i t h e r c a s e s were almost t h e same. 
The observed d va lues and co r r e spond ing i n t e n s i t i e s a re 
r e p o r t e d i n Table I I . 
TABLE I I 
X-ray d i f f r a c t i o n p a t t e r n for HgBrl u s i n g CuK^ ;^  r a d i a t i o n and 
N i - f i l t e r recorded on 'Norelco* d i f f r a c t o m e t e r { P h i l i p s - 1 0 1 0 ) 
app ly ing 52 Kv a t 12 mA. 
o d i n A I / I 
o 
o d i n A I / I . 
5.51 
3.88 
3.71 
3.36 
2 .90 
2 .75 
2.51 
2.40 
2.33 
100 
9 
70 
54 
36 
30 
6 
15 
18 
2.19 
2.09 
2.06 
1.99 
1 ,90 
1,77 
1.64 
1.59 
1.50 
16 
14 
8 
12 
8 
14 
10 
6 
10 
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Mercury Chlorobromide 
Mercury chlorobromide was p repared by h e a t i n g an 
equimolar mixture of HgCl2 (BDH, AR) and HgBr2 ( A l b r i g h t and 
Wilson L t d . , London) i n s o l i d s t a t e a t 90°C f o r 4 d a y s . A 
v h i t e c r y s t a l l i n e m a t e r i a l was o b t a i n e d . Th i s was s t u d i e d 
by Z- ray d i f f r a c t i o n u s i n g N i - f i l t e r , CuK^ r a d i a t i o n and a 
G.M. c o u n t e r , The observed d v a l u e s and co r re spond ing in ten-
s i t i e s a re r e p o r t e d i n Table I I I . 
TABLE I I I 
X-ray d i f f r a c t i o n p a t t e r n fo r HgClBr t a k e n by *Norelco ' 
d i f f r a c t o m e t e r (Ph. i l ips-1010) u s ing CuK^ c r a d i a t i o n and 
N i - f i l t e r , app ly ing 32 Kv at 12 mA. 
o d i n A I / I . d i n I I / I . 
4.51 
4 .15 
3 .44 
3 .08 
2 .76 
2 .48 
100 
36 
32 
90 
52 
18 
2.19 
2.10 
2.04 
1.97 
1 .81 
1.71 
29 
18 
27 
30 
18 
9 
HgBrp (A lb r igh t and Wilson L t d . , London), Hglp (E . 
Merck) and HgClp (BDH, AR) were used wi thout f u r t h e r p u r i f i -
66 
c a t i o n . The p u r i t y was checked by X-ray d i f f r a c t i o n a n a l y -
s i s . The X-ray d a t a were same as r e p o r t e d fo r HgClp sad 
Q 
Hgl2 . The data has been found different from the published 
one for HgBr2 . The observed d values and corresponding 
intensities are reported in Table IV. 
TABLS IV 
X-ray d i f f r a c t i o n p a t t e r n fo r HgEr^ u s i n g GuK^ ^ r a d i a t i o n and 
N i - f l i t e r apply ing 32 Kv a t 12 mA. 
o 
i n A I / I . 
0 
d i n A I / I . 
6.18 
3.81 
3.64 
3 .25 
2 .80 
2 .62 
2,31 
2.16 
100 
9 
59 
43 
45 
33 
29 
19 
2.08 
2.07 
2.00 
1 .82 
1 .76 
1.58 
1.55 
1.51 
25 
69 
20 
21 
12 
43 
33 
11 
67 
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SOLID STATE RSACTIOH 
Ag.>WO,-HgIp 
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Solid state reactions in general, include reactions 
in which, at least one of the reactants i s a solid. Thus a 
variety of reactions, gas-solid, sol id-sol id , decomposition, 
transformation e tc . are grouped under the t i t l e of solid 
s ta te reactions. Reactions of addition type and those pro-
ceeding with the evolution of a gas are easy to handle and 
have been studied frequently. References to reactions 
where more than one product are formed without evolution of 
gas are generally rare , hut recently, some low temperature 
reactions of mercury(II) halides with cuprous halides and 
s i lver iodide have been studied "*"* in th i s laboratory. 
As l a t t i c e imperfections play a v i t a l role in solid 
s ta te processes, the kinetics of diffusion controlled solid 
s ta te reactions i s expected to be greatly influenced by the 
polymorphic forms of reactants . There seems very few refer-
ences to t h i s effect in l i t e r a t u r e . This prompted us to 
investigate the kinetics and mechanism of reactions of 
s i lver tungstate with rhombic and tetragonal mercuric iodide 
in solid s ta te . 
Kinetic Studies 
AgoVO. and Hglp were powdered in an agate mortar and 
sieved to 300 mesh. Kinetics of reaction was studied by 
7 
placing Hgl^ over AgpWO. in a pyrex glass tube of 0.5 cm 
internal diameter whose one end was sealed. A weighed 
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amount of Ag^VO. was placed in the tube and pressed gently 
with a glass rod to bind the powder and provide a flat top 
surface. Then the weighed amount of powdered Hglp was placed 
over AgpVO- and pressed again and the reaction tube was kept 
in an air thermostat controlled to >_ 0.5 C. Same amounts of 
AS2^^A ^^^ Hgig were used throughout to avoid the pressure 
effect. The progress of the reaction was followed by measur-
ing the total thickness of the product layer formed at the 
interface by a travelling microscope, having a calibrated 
scale in its eyepiece. "Each experiment was run in triplicate 
and the average values are reported in Table I, 
TABLE I 
Dependence of parameters of equation 3^ = kt on temperature 
for Ag2V0^-Hgl2 r eac t i on . 
Temperature 
("^ C t 0, 
90 
100 
112 
120 
130 
158 
150 
160 
170 
.5) 
k 
(cm/hr ) 
5.62 
9.44 
2.69 
3.86 
8.13 
1.01 
1.62 
2.75 
3.63 
X 
X 
X 
X 
X 
X 
X 
X 
X 
10-5 
10-5 
ic--^ 
lo-'^ 
10-5 
10-2 
10-2 
10-2 
10-2 
Mean d e v i a t i o n 
0.010 
0.009 
0.008 
0.008 
0.009 
0.008 
0.010 
0.008 
0.009 
X 
X 
X 
X 
X 
X 
X 
X 
X 
10-5 
10-5 
10-4 
10-4 
10-5 
10-2 
10-2 
10-2 
•10-2 
Q 
1.75 
1.75 
1.75 
1-75 
1.56 
1.56 
1.56 
1 .56 
1.56 
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Soon a f te r the placement of Hglp powder over AgpVO. 
in the reac t ion tube, a yel lov coloured boundary appeared at 
the in te r face which grew with time on s i l v e r t ungs t a t e s ide . 
Simultaneously, a red coloured layer formed next to the 
yellow boundary. On cooling to room temperature the red 
coloured product turned yellow {Ag2^glA i s red above 50,7 C 
and yellow below t h i s tempera ture) , Kine t ics were likewise 
s tudied at d i f fe ren t temperatures . 
Analysis of the Product Layers 
A react ion tube having the two th ick and d i s t i n c t 
l aye r s of the products (Fig , 1) was broken and the products 
were col lec ted separa te ly . By X^ray ana lys i s the dark 
yellow layer was i den t i f i ed to be Ag2HgI^ and the l i gh t 
ye l lov one as a mixture of Agl and HgWO ,^ I d e n t i f i c a t i o n 
of products was also done by chemical ana ly s i s . 
X-ray s tud ies 
The r eac t an t s AgoW^ and Hgl2 (each above 300 mesh 
size) were mixed thoroughly in an agate mortar in d i f f e ren t 
molar r a t i o s . One par t of each mixture was heated i n an a i r 
oven maintained at 150 + 0.5 C for t h ree days, and another 
par t was maintained at room temperature . The X-ray d i f f r a c -
togranis of the react ion mixtures were recorded by Norelco 
Geiger counter X-ray dlff ractometer (PW 1010 Ph i l ips ) using 
CuZ^ rad ia t ion and H i - f i l t e r applying 32 Ev at 12 mA. 
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The compounds present were identified by calculating 
the d values and the corresponding intensities of the lines 
and comparing them vdth the standard values of expected com-
pounds. The compounds identified in different mixtures are 
given in Table II. 
TABLE II 
Compounds p r e s e n t i n d i f f e r e n t m o l a r r a t i o m i x t u r e s o f 
Ag2V0-^ and Hgl2 
M o l a r r a t i o s of Compounds i d e n t i f i e d Compounds i d e n t i f i e d 
An- un H w T ^^ m i x t u r e s m a i n t a i n - i n m i x t u r e s h e a t e d 
-^^2*^4 ^ ^ ^^"^2 ed a t room t e m p e r a - a t 150^0 and t h e n 
t u r e c o o l e d t o room t e m p e -
r a t u r e 
1 : 1 Agl, Ag2Hgl4. AggVO^ Agl and HgVO^ 
and HgWO^ 
1 : 2 Ag2Hgl4 and HgWO^ Ag2Hgl4 and HgWO^ 
2 : 1 Agl, HgWO^ and AggVO^ Agl, HgWO^ and AggVO^ 
1 : 5 Ag2Hgl4, HgWO^ and Ag2Hgl4. HgW04 and 
Hgl2 Hgig 
Thermal studies 
Weighed amounts of Ag2W0^ and Rglo (molar ratio 1:1) 
were taken in a double-walled calorimeter which was placed 
in a thermostat at 50 + 0-1^0. The mixture was stirred 
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thoroughly, and the temperature rise was measured with a 
Beckmann thermometer at different time intervals. Similar 
experiments were repeated with other molar ratio mixtures. 
The results are given in Figure 2. 
Conductivity measurements 
Ag2W0^ and Hglp (molar ratio 1:1) were thoroughly 
mixed with each other, put into a die and pressed into a 
disc. The disc was then fixed "between platinum electrodes 
and the conductance was measured at different times by con-
ductivity "bridge (Cambridge Instrument Co. Ltd., England) at 
50 c/s. Similar experiments were repeated with other molar 
ratio mixtures. The results are shown in Figures 3 to 5. 
Reflectance spectra 
The reflectance measurements for the different molar 
ratio mixtures of AgjWO^ and Hgl^, heated at 150°C for three 
days, were made with the help of a "VSU-2P spectrophotometer 
having a reflectance attachment. Magnesium carbonate was 
used as the reference material. The spectra are shown in 
Figure 6. The spectra of reactantB and products are also 
given in Fig. 7. 
Results and Discussion 
AgpHgl^ is known to be formed from Agl and HgX2 in 
the solid state. However, our results reveal tViat the reac-
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t i o n i s a multLatep one. The reac t ion sequence for the 
var ious molar r a t i o s of the r eac t ions i s discussed as 
follows: 
X-ray d i f f rac t ion ana lys is (Table I I ) and re f l ec tance 
spec t ra (Fig. 6) of 1:1 molar mixture of AgjWO^ and Hgl^ 
heated at 150^C for th ree days a f t e r mixing, showed the p re -
sence of only Agl and HgWO*^ . Reflectance spect ra shows a 
cut-off at 260 m >i which corresponds to tha t of HgWO^  and an 
other cut-off at 430 m jx which corresponds to tha t of Agl. 
Q 
The principle of larger cations going well with larger 
anions and smaller cations with smaller anions leads to the 
double decomposition, 
Ag2W0^ + Hgl2 > 2AgI -t- HgWO^ (1 a) 
9 
Agl formed in step (la) is expected to react fast with Hgl2 
giving Ag2Hgl4 through (1b). 
2AgI + Hgl2 > AgjHgl^ (1^) 
Although the analysis of the end products did not show the 
presence of Ag2Hgl4, its formation during this reaction was, 
however, revealed by the following observations. The reac-
tion mixture thrt was initially red in colour became yellow 
when heated at 150°C (Agl and HgWO. are yellow) and remained 
yellow on cooling to room temperature. However, the red 
reaction mixture, maintained at room temperature slowly 
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turned yellowish orange and this when heated above 50.7 C 
turned red, which again hecaiQe yellowish orange on cooling 
(AgpHgl-^  is yellow below 50.7^C and red above it). X-ray 
analysis (Table II) of an equimolar mixture of AgoWO^ and 
Hglp maintained at room temperature for 24 hours showed the 
presence of AgpHgl^, Agl, Ag2W0^ and HgWO^. It thus confirms 
beyond doubt that Ag2HgI^ is formed and subsequently consumed 
during the reaction. AgpHgl^ formed>during the reaction 
starts reacting with Ag2W0. to give Agl and HgWO^. 
AgjHgl^ + Ag^WO^ > 4AgI + HgWO^ ( 1 c) 
Step (1c) was confirmed by mixing AgoWO^ and AgoHgl* in 
equimolar proportions and taking the X-ray patterns of this 
mixture (Table III), heated at 150°C for 72 hours and cooled 
to room temperature. The pattern indicated complete conver-
sion into Agl and HgWO-^ . The overall reaction may, there-
fore, be written as: 
Ag2W0^ > Hgl2 ^ 2AgI + HgWO^ (la) 
2AgI + Hgl2 > Ag2Hgl4 (lb) 
Ag2Hgl4 + Ag2W04 ^ 4AgI -f HgWO^ ( 1 c) 
2Ag2V04 -i- 2Hgl2 ^ 4Agr + 2E&m^ 
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TABLE I I J 
X-ray d i f f r a c t i o n d a t a fo r AgpWO^-Ag2^Si4 r e a c t i o n m 1:1 
molar r a t i o hea ted ac 1 50 G 
o d i n A i / i 0 
0 
d i n A i / i o 
5.90* 
5.72 + 
3 . 1 7 ' 
5.02* 
2.54* 
2.29 + 
54 
100 
68 
62 
50 
65 
2.10 
1 . 9 5 + » * 
1 .7t>* 
1 .59* 
1 .24 t , * 
20 
81 
24 
17 
24 
Lines for Agl 10 Lines fo r HgWO^ 1 1 
The p l o t of c o n d u c t i v i t y v e r s u s t ime ( F i g . 5 ) , i'or a 
1:1 molar mixture of Ag^VO^ and Hglp shows t h a t c o n d u c t i -
v i t y f i r s t rlnee smd tht^n falls off. The r i a c in conductance 
i s due t o the formation of the h i g h l y conduct ing Ag2HgI^, 
and t h e dec rease t h e r e a f t e r i s due t o i t s d i s appea rance 
th rough r e a c t i o n ( 1 c ) , As the conductance of reactEUits and 
t h e end p r o d u c t s i s much lower t h a n t h a t of Ag2HgXA (Table 
I V ) , t h i s conductance curve e s s e n t i a l l y mon i to r s the concen-
t r a t i o n of AgoHgl^^ d u r i n g the r e a c t i o n and t h e r e f o r e i t 
1 2 
r e s e m b l e s the curve which measures t h e c o n c e n t r a t i o n of an 
i n t e r m e d i a t e s p e c i e s i n a consecu t ive r e a c t i o n . 
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TABLE IV 
Conductivity of different compounds 
Compounds Conductivity 
(ohm cm) " 
Ag2V0^ 4 . 1 7 X 1 0 " ^ 
Hgl2 7 . 0 0 X 10"'^ 
Agl 5 .00 X 10"^ 
Ag^Hgl^ 1.20 X 1 0 ' ^ 
HgVO^ 2 . 5 6 X 1 0 " ^ 
Conduc tance of m a t e r i a l s , p r e s s e d i n t h e form of p e l l e t s , 
was measu red a t 120 C. 
The rma l m e a s u r e m e n t s ( F i g . 2) made w i t h a 1:1 m o l a r 
m i x t u r e of AgoWO- and Hglp a t room t e m p e r a t u r e show o n l y one 
i n f l e c t i o n and t h u s o f f e r no e v i d e n c e f o r a m u l t i - s t e p r e a c -
t i o n . T h i s i s u n d e r s t a n d a b l e t e c a u s e s t e p (Tb) i s much 
f a s t e r t h a n s t e p ( l a ) . S t e p ( l a ) i s s low b e c a u s e t h e i o n i c 
s i z e s of Ag and Hg a r e v e r y c l o s e t o e a c h o t h e r . S t e p 
( l b ) i s known t o be f a s t even a t low t e m p e r a t u r e . S t e p (1c ) 
d o e s n o t o c c u r a t room t e m p e r a t u r e . T h i s e x p l a i n s why t h e r -
m a l m e a s u r e m e n t s f a i l t o p r o v i d e e v i d e n c e f o r s t e p s i n v o l v e d 
i n t h i s r e a c t i o n . X - r a y m e a s u r e m e n t s f o r 1:1 m o l a r r a t i o 
h e a t e d a t 150°C and c o o l e d t o room t e m p e r a t u r e i s g i v e n i n 
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T a b l e V. 
TABLE V 
X-ray d i f f r a c t i o n d a t a f o r 1:1 m o l a r m i x t u r e of Ag2V0^-Hgl2 
.o heated at 150 C and cooled to room temperature. 
o 
d in A I/I, 
o 
d in A I/I 
o 
5.94* 
3.74^ 
5.18* 
3.05* 
2.54* 
63 
100 
S3 
83 
48 
2.29"^  
1.59* 
1.54* 
70 
70 
33 
33 
12 
' Lines for Agl ; Lines for HgWO. 13 
X-ray a n a l y s i s ( T a b l e I I ) of 2 :1 m o l a r m i x t u r e of 
AgpWO. and Hglp h e a t e d a t 150^0 f o r t h r e e d a y s a f t e r m i x i n g , 
showed t h e presence of A g l , HgWO^ and Ago^O. , The r e f l e c -
t a n c e s p e c t r a of t h i s m o l a r m i x t u r e i s s i m i l a r t o t h a t of 
1:1 m o l a r m i x t u r e ( F i g . 6) i n d i c a t i n g t h a t same r e a c t i o n p r o 
d u c t s a r e formed h e r e . I f t h e r e a c t i o n f o l l o w s t h e s e q u e n c e 
s i m i l a r t o t h a t i n 1:1 m o l a r r a t i o , t h e r e a c t i o n may be 
w i r t t e n a s : 
3Ag2W0^ -»- Hgl2 
2AgI -»• Hgl2 
Ag^Hgl^ + Ag2V0^ 
•^ 2AgI + HgVO^ + 2Ag2W0^ ( 2 a ) 
^ Ag2Hgl4 (2b) 
•^ 4AgI + HgVO^ {2 c) 
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4Ag2W0^ + 2Hgl2 ^ 4AgI + aHgWO^ + 2Ag2W04 
TABLE VI 
X~ray d i f f r a c t i o n d a t a fo r 2:1 molar mix ture of AgpWO.-Hglp 
.o hea t ed a t 150 C and cooled to room t e m p e r a t u r e . 
d iE i I / I o d i n A I / I o 
3.94* 
3.74+ 
3.16* 
3 .04* 
2.9?** 
2 .83** 
2.71 * * 
58 
77 
88 
59 
75 
100 
40 
2.63** 
2.55 + 
2 .2g t 
1 .99 
1.95+ 
1 .68+ 
1 .60+ 
* -» 
38 
33 
60 
35 
46 
28 
29 
L ines for Agl^^; * Lines fo r HgWO^^  ^ ; ** Lines fo r Ag2V04^-^ 
However, the X-ray d i f f r a c t i o n measurements (Table I I ) 
of 2:1 molar mixture of AgpWO^ and Hglp main ta ined a t room 
t empe ra tu r e did not show the p re sence of Ag2^&^A u n l i k e 1:1 
molar m i x t u r e . Vhen Ag^WC^ and Hgl2 in t h e same molar r a t i o 
were mixed a t room t e m p e r a t u r e , t h e co lour of mix ture tu rned 
slowly from w h i t i s h red to y e l l o w . When t h i s mix ture was 
kept in an a i r the rmos ta t main ta ined at 51 G, the co lour of 
the mix ture remained unchanged (AgpHgl. i s ye l low be lo^ 
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,o. 50.7 C and red above i t ) . This shows t h a t AgpHgl^ i s not 
formed du r ing the r e a c t i o n i n t h i s case u n l i k e 1:1 molar 
r a t i o , or i f formed, the q u a n t i t y i s too smal l to be d e t e c -
t ed v i s u a l l y or by X-ray d i f f r a c t i o n . I t may be p o s s i b l e 
t h a t the r e a c t i o n goes th rough the f i r s t s t ep (2a) o n l y . 
However, thermal ( F i g , 2) and c o n d u c t i v i t y curve ( F i g . 4) 
show s i m i l a r p a t t e r n as of 1:1 molar m i x t u r e . The X-ray 
d i f f r a c t i o n p a t t e r n of 2:1 molar mix tu re of Ago^^^/ ^ "^^  Kgl2 
a re given in Table VI. 
X-Vay a n a l y s i s (Table I I ) and r e f l e c t a n c e s p e c t r a 
( F i g . 6) of 1:2 molar mix ture of AgpWO. and Hglp show t h a t 
Agp^g^A ^^'^ KgVO^ a re the end p r o d u c t s . R e f l e c t a n c e s p e c t r a 
shows a cu t -o f f at 260 m j i and ano the r c u t - o f f a t 480 m ^ 
which cor responds to t h a t of HgWO. and Ag2HgI-, r e s p e c t i v e l y . 
T h i s , in t h e l i g h t of fo rego ing d i s c u s s i o n , s u g g e s t s t h a t 
t h i s occu r s through r e a c t i o n s (3a & 3 b ) . 
Ag2W0^ + Hgl^ ^ HgWO^ + 2AgI (3a) 
2AgI f Hgl^ ^ Ag2Hgl4 (3b) 
AgpWO^ ^ 2Hgl2 > HgWO^ > Ag2Hgl4 
Reac t ion (3b) being f a s t , Agl formed i n s t ep (3a) i s comp' 
l e t e l y consumed up in the format ion of Ag2HgI^. 
As d i s cus sed b e f o r e , AgoHgl^ s t a r t s r e a c t i n g wi th 
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Ag^WO, g i v i n g Agl and HgVO^. But a s t h e X - r a y a n a l y s i s of 
1:2 m o l a r m i x t u r e of AgoVO. and Hgl2 shows Ag2HgI^ and HgWO^ 
a s t h e o n l y end p r o d u c t s , i t i s p resumed t h a t Agl formed i n 
r e a c t i o n (3c ) i s r e t r a n s f o r m e d by Hgl^ ( p r e s e n t i n e x c e s s ) 
i n t o AgpHgl, ( 3 d ) . The second s e q u e n c e of r e a c t i o n s t a k i n g 
p l a c e i n t h i s m i x t u r e w i l l , t h e r e f o r e , be a s f o l l o w s : 
Ag2Hgl4 +• Ag2W04 ^ 4AgI + HgWO^ ( 3 G ) 
4AgI + ?Kgl2 > 2Ag2Hgl4 (3d) 
Ag^Hgl^ ^ Ag^WO^ + 2Hgl2 ^ ^Ag^Hgl^ -*- HgVO^ 
The two sets of reactions are occurring simultaneously hut 
step (3c) being much slower, the reaction may be taking 
place mostly through steps (3a) and (3b) and to much lesser 
extent through (3c). 
The conductance curve (Fig. 5) for this molar mixture 
though looks different, it actually confirms the proposition 
made earlier. The fall in conductance curve (Fig. 3) marks 
the predominance of the reaction removing Ag2^S^4' -^ ^ "*'^® 
slow disappearance of Ag^Hgl^ through reaction (3c) ia 
followed by its fast regeneration through reaction (3cl) , the 
concentration of Ag2HgI^ keeps on rising till the end of the 
reaction. 
The thermal measurements (Fig. 2) made with 1:2 molar 
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mixture of r eac t an t s show only one In f l ec t ion in the curve, 
which has been explained a l i t t l e e a r l i e r . The X-ray diff-
r a c t i o n pa t te rn of t h i s mixtui*e i s shown in Tablo YII, 
TABLE VII 
X-ray d i f f r ac t ion data for 1:2 molar mixture of Ag2V0^-Hgl2 
heated at 150 C and then cooled to room temperature. 
o 
d in A I / I 
o 
o 
d in A i/r O 
5.63* 
3-04+ 
2 .82* 
2 .75* 
100 
55 
53 
21 
21 
2.54* 
2.47"^ 
2.23* 
1,95"'' 
1 .90* 
31 
20 
70 
23 
42 
t Lines for HgVO^ ; Lines for Ag2^E^A U 
X-ray analyfils (Table I I ) of 1:3 molar mixture of 
AgpWO^ and Hgl^ heated a t 150 C and then cooled to room 
temperature show the presence of AgnHgl^, HgWO^  and Hgl2. 
Heflectance spectra of 1:3 molar mixture i s s imi la r to tha t 
of 1:2 molar mixture (P ig , 6 ) , This shows tha t the same 
reac t ion products are formed in the two casea. The reac t ion 
sequence may be as the following: 
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Ag^VO^ + 3Hgl2 > 2AgI + HgVO^ + 2Hgl2 
2AgI + Hgl2 > Ag2^8l^ 
Ag^Hgl^ + AggVO^ > 4AgI + HgWO^ 
4AgI + 2Hgl2 ^ 2Ag2HgI^ 
SAg^WO^ + 6Hgl2 > 2Ag2Hgl4 + SHgWO^ + 2Hgl2 
(4a) 
(4b) 
(4c) 
(4d) 
The s t e p s involved he re seem t o be t h e same a s t h o s e i n i : 2 
molar mix tu re except t h a t t h e e x c e s s of Hgl^ i s l e f t MH-
r e a c t e d i n t h i s c a s e . The X-ray d i f f r a c t i o n p a t t e r n a re 
g i v e n i n Table V I I I . 
TABI;E V I I I 
X-ray d i f f r a c t i o n d a t a fo r 1:3 molar mix tu re of Ag2'''^^4"'^S^2 
hea ted a t 150 C and then cooled t o room t e m p e r a t u r e . 
o 
d i n A I / I 0 
o 
d i n A I / I . 
4 .12* 
3.66** 
3.57* 
3 , 1 6 t 
3.00'' ' 
2 .77* 
16 
00 
21 
31 
20 
27 
2.24** 
2,19* 
2.06** 
1.91** 
1.87+ 
45 
50 
14 
52 
17 
t L ines fo r HgVO^^^; ** L ines fo r A g^.^ii gl ^"^ ^; 
* L ines fo r Hgl2^^. 
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FIG. 9 Dependence of log K on T for the 
reaction of Ag2W0/ with te t ragonal 
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The k ine t i c data (F ig . 8) f i t best the equation, 
X^ = id: 
where X i s the t o t a l th ickness of the product at tirae t and 
k and n are constants . The val^ie of n, in t h i s reac t ion are 
r e spec t ive ly 1.75 and 1,56 for the t e t r agona l and rhombic 
forms . The ac t iva t ion energies for the low and high tem-
pe ra tu re s ranges as calculated from the Arrhenius plot 
(P ig . 9 ) , are respec t ive ly 78.62 and 56.55 Kj/mole, The two 
va lues of ac t iva t ion energies suggest tha t rhombic Hglp I s 
more r eac t ive towards Ag^ WO. than the t e t r agona l form. 
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CHAPTER V 
SOLID STAT3 REACTION 
AgpWO_^-HgBr. 
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In t h i s chapter the solid a t a t e react ion between 
Ag^ VO^ and HgBr^ haa been studied with a view (1) to e s t a -
b l i s h the mechanism of r eac t ion , (2) to study the e f fec t of 
temperature on react ion r a t e and (3) to study the effect of 
p a r t i c l e s izes of r eac tan t s on r eac t ion r a t e . The effect 
of length of a i r -gap between the r e a c t a n t s on the reac t ion 
r a t e has also been demonstrated. Kinet ics of the reac t ion 
has been studied by cap i l l a ry technique. Diffusion coef f i -
cient of mercuric bromide in a i r and for surface migration 
have been experimentally determined. The mechanism of the 
r eac t ion has been explained by Z-ray, thercaal and conducti-
v i t y measurements. 
Powdered AgpWO. and HgBrp, on mixing at room tempe-
r a t u r e turned to greenish yellow from pale white colour. 
The colour of the products remained the same on temperature 
i n c r e a s e . 
Kine t ic Measurements 
HgBr^ powder compact was placed over Ago^O^ powder 
compact (both above 200 mesh size) in the reac t ion t u b e , and 
the progress of the reac t ion was noted by measuring the 
th ickness of the product layer as described e a r l i e r . Rate 
constants at d i f fe ren t temperatures are reported in Table I . 
The k ine t i c s was also performed for d i f fe rent p a r t i c l e s i zes 
and by keeping an a i r -gap of d i f fe ren t length between the 
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r e a c t a n t s t a k e n i n a g l a s s c a p i l l a r y . The v a l u e s of r a t e 
c o n s t a n t f o r d i f f e r e n t p a r t i c l e s i z e s and f o r d i f f e r e n t 
l e n g t h s o f a i r - g a p be tween t h e r e a c t a n t s a r e r e p o r t e d i n 
T a b l e s I I and I I I , r e s p e c t i v e l y . Each e x p e r i m e n t was r u n 
i n t r i p l i c a t e and the mean v a l u e s a r e r e p o r t e d i n t a b l e s . 
TABLE X 
Dependence of p a r a b o l i c r a t e c o n s t a n t on t e m p e r a t u r e 
f o r AgoVO^-HgBrp r e a c t i o n . 
T e m p e r a t u r e K Mean deviation 
(°C + 0.5) (cffiVhr) 
U 5 2 . 2 9 X 10" '^ 0«010 X 10'"^ 
154 3 . 1 6 X lO""^ O . O U X 10""^ 
161 4 . 5 7 X lO" ' ^ 0 . 0 1 9 x 10*"^ 
169 6 .60 X 10"'^ 0 .011 X l o " ' * 
179 1 .00 X 1 0 " ^ 0 . 0 1 2 X 10^-^ 
188 1 .51 X 1 0 " ^ 0 . 0 1 0 X 1 0 " ^ 
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Parti cle 
(Mesh) 
100 
150 
200 
270 
size K' 
( cm'^/hr) 
11.2 X 10'"^ 
8.3 X 10""^ 
6,6 X lo"'^  
5.9 2 10""^ 
TABLg I I 
Influence of p a r t i c l e s ize on r a t e constant for A.g2^^A'^S^^O 
r eac t ion at constant teii)perature. 
Mean deviation 
0.008 X 10"^ 
0.013 X 10'"^ 
0.010 X 10""^ 
0.009 X 10'"'^ 
Temperature, 170 + 0.5°C; P a r t i c l e s of a given mesh s lae 
a lso contains high mesh s ize pa3"ticles. 
TABIiE I I I 
Influence of length of air*gap on r a t e constant for 
AgpWO.-HgBrp reac t ion at constant temperature. 
Length of a i r -gap K" Mean devia t ion 
d (cm) (cm /h r ) 
0.2 5.495 X 1 0 ' ^ 0.022 x 1 0 ' ^ 
0,5 3.548 X 1 0 ' ^ 0.017 x 10"^ 
0.9 1.990 X 10"^ 0*020 x l o " ^ 
1.2 1.146 X 10"^ 0,021 X 10"^ 
Temperature, 16o ±^ 0.5^0; Particle size, above 200 mesh. 
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X-ray S t u d i e s 
The r e a c t a n t s AgoWO- and HgBrp were mixed thoroughly 
in an aga t e mor tar in d i f f e r e n t molar r a t i o s . One pa r t of 
each mix ture was kept a t room tempera tu re and t h e o t h e r p a r t 
was kept in an a i r oven main ta ined a t 150 + 0 .5 C for t h r e e 
d a y s , and t hen cooled to room t e m p e r a t u r e . The X-ray d i f f -
r a c t i o n p a t t e r n of bo th t h e samples 'were recorded by Bore lco 
Geiger Coxinter X-ray d i f f r a c t o m e t e r (PW lOlO P h i l i p s ) u s ing 
CuK^ r a d i a t i o n and N i - f i l t e r , app ly ing 32 Kv a t 12 mA. 
The compounds p r e s e n t were i d e n t i f i e d by c a l c u l a t i n g 
the d v a l u e s and the i n t e n s i t i e s of t he l i n e s and comparing 
them wi th t h e s tandard v a l u e s of expected compounds. The 
compounds i d e n t i f i e d in d i f f e r e n t molar mix tu re s of r e a c -
t a n t s a re given in Table IV. 
TABLE lY 
Compounds p r e s e n t in d i f f e r e n t molar r a t i o m i x t u r e s of 
Ag2V0^ and HgBr^ 
Molar r a t i o s of Compounds p r e s e n t in mix tu re s hea ted a t 
AgpWO. and HgBrp 150^0 and then cooled to room t e m p e r a t u r e 
1:1 AgBr and HgWO^  
1:2 AgBr, HgVO^ and HgBr2 
2:1 AgBr, HgWO^ and Ag2W0^ 
1:3 AgBr, HgWO^ and HgBr^ 
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CoaductlYlty meaaurements 
Reaction raixtures contaiiiirig AgpWO^  and HgBrp in 
d i f f e ren t molar r a t i o s were pressed in to p e l l e t s in a d i e . 
The p e l l e t was then placed between platinum elec t rodes and 
the conductance at d i f fe rent times was measured at 50 c /s 
by the same conductivi ty bridge that was employed e a r l i e r . 
The experiment was made at 1 ?0 C. The r e s u l t s are shown 
in Figure 1 . 
Thermal measurement a 
Thermal measurements with d i f f e ren t molar mixtures of 
AgpVO. and HgBr2 were made in a temperature contro l led room. 
A wighed amount of AgpVO. was taken in a double-walled 
calor imeter which wag placed in a thermostat at 50 + 0*1 C, 
A known amount of mercuric bromide was added. The two were 
mixed thoroughly by turning upside down and the temperature 
r i s e was measured with the help of Beckinfoin therifiOmeter a t 
d i f fe ren t time i n t e r v a l s . The r e s u l t s are shown in Figure 2, 
Analysis of Product Layer 
A react ion cap i l l a ry having th ick product layer was 
broken and the product layer was col lec ted ca re fu l ly . The 
X-ray and chemical analyses of the mate r i a l s showed them to 
be a mixture of AgBr and HgWO*. As both the products have 
the same colour, they could not be col lec ted separa te ly for 
X-ray ana lys i s . 
102 
Diffusion Study of Mercury(II) bromide 
Diffusion study of mercuric bromide was carried out 
In a similar way as described by Rastogi and Dubey . Four 
glass tubes of different diameters were taken. Known weight 
of mercuric bromide was taken in each in such a way as the 
distance of mercuric bromide surface from the open end of 
the tube were same in all the tubes. These were then kept 
at 180*^ 0 in the thermostat and the weight of mercuric bro-
mide diffusing away was determined at different times by 
weighing. The results are given in Figures 7 and 8. 
Results and Discussion 
X-ray diffraction measurements (Table 17) reveal that 
Ag2V0^ reacts with HgBr2 in 1:1 molar ratio in solid state 
giving AgBr and HgVO. as the end products. The reaction can 
be considered as a double decomposition reaction: 
Ag2^ Ci4 + HgBrp > 2AgBr + HgWO^ 
Conductivity (Fig, 1) as well as thermal measurements 
(Fig, 2) made with 1:1 molar mixture of reactants indicated 
the reaction to be a one step process. 
Conductivity measurements (Fig. 1) show that the 
conductivity of products is greater than that of the reac-
tants. This was testified by measuring the conductivity of 
reactants and products separately (Table V). 
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TABLB V 
C o n d u c t i v i t y of d i f f e r e n t compoiinds 
Compounda C o n d u c t i v i t y 
(ohm cm)" 
Ag^VO^ 4 . 1 7 X 1 0 " ^ 
H^Br^ 8.20 X 1 0 " ^ 
AgBr 8 , 8 9 X 1 0 " ^ 
HgVO^ 2 . 5 6 X 10"^ 
Conduc tance of m a t e r i a l s , p r e s s e d i n t he form of 
p e l l e t s , were measured a t 120 C. 
T h l a i s a slow r e a c t i o n and a t room t e m p e r a t u r e i t 
d o e s no t r e a c h c o m p l e t i o n even i n one m o n t h ' s t i m e ( i n d i c a t e d 
by X - r a y a n a l y s i s ) . The r e a c t i o n b e i n g d i f f u s i o n c o n t r o l l e d 
( d e t a i l e d l a t e r ) , a t t h e s t a r t vhen t h e two r e a c t a n t s come 
i n c o n t a c t w i t h each o t h e r , s u r f a c e RgBr^ m o l e c u l e s r e a c t 
r a p i d l y w i t h s u r f a c e Ag^^'O. t o g i v e a p r o d u c t c o v e r i n g a round 
Ag^^'^A g r a i n s . As t h e c h i e f r e s i s t a n c e t o r e a c t i o n , v i z . 
t h e p r o d u c t c o v e r i n g i s n o n e x i s t a n t a t t h e s t a r t , t h e r e a c -
t i o n , a s i n d i c a t e d by t h e s t e e p r i s e i n t h e r m a l c u r v e ( F i g . 
2) i s v e r y f a s t i n t h e b e g i n n i n g . The d e c l i n e i n t h e r m a l 
c u r v e t h a t i s r e g i s t e r e d o n l y a f t e r a b o u t 30 m i n u t e s s u g g e s t s 
t h a t t he r e s i s t a t i c e t o r e a c t i o n i s s t r o n g and the r e a c t i o n 
r a t e f a l l s o f f r a p i d l y w i t h t h e g r o w t h of t h e p r o d u c t l a y e r . 
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X-ray d i f f r a c t i o n d a t a fo r 1:1 molar mixture of AgpVO^ 
and HgBr-, a r e shown in Table VI . 
TABLE VI 
X-ray d a t a fo r 1:1 molar mix ture of AgpWO< and HgBrp 
hea ted at 150 C and t hen cooled t o room t e m p e r a t u r e . 
d i n A I / I ^ d in A l / l ^ 
5.35* 9 ?.56+ 6 
5 .15^ 22 2.05* 50 
5 .02 t 13 1.77+ 4 
2.88* 100 1.74'*' 4 
2,60+ 8 1.66* 13 
+ L ines fo r HgWO '^^ ; * L ines fo r AgBr 5 
In a s e p a r a t e experiment between HgBr2 and AgBr, i t 
was observed t h a t a t 120 C, a 1:2 molar mix tu re of HgBrp and 
-7 AgBr showed a change i n c o n d u c t i v i t y from 7-1 x 10 t o 
9 .4 X 10" mhos/cm. In analogy wi th the format ion of h igh ly" 
conduc t ing Ag^Hgl. from Agl and Hg l2 , t h e i n c r e a s e i n con-
d u c t i v i t y in the HgBr2-AgBr mixture may be assumed to be due 
to t h e formation of Ag^HgEr.. I f t h i s presumpt ion i s t r u e , 
t h e r e a c t i o n sequence in an equimolar mix tu re of AgpWO^ and 
HgBr^ may b e , 
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Ag2W04 + HgBr2 
?AgBr + HgBr^ 
^ 2AgBr + HgWO^ 
•^ Ag^llgBr^ 
-> 4AgBr + HgWO^ 
^Ag^WO^ + 2HgBr^ •> 4AgBr + 2HgW04 
But t h e X- ray d i f f r a c t i o n a n a l y s i s of 1 : 2 m o l a r m i x t u r e of 
AgBr and HgBro d i d n o t show t h e p r e s e n c e o f any new p r o d u c t . 
However , t h e c o l o u r changed when r e a c t a n t e were mixed i n t h e 
above m e n t i o n e d r a t i o , h e n c e i t may be t h o u g h t ^at t h e most 
t h a t t h e r e a c t i o n o c c u r r e d o n l y on t h e s u r f a c e of r e a c t a n t s 
and t h e q u a n t i t y of p r o d u c t formed i s t o o s m a l l t o be d e -
t e c t e d by X- ray d i f f r a c t i o n a n a l y s i s . 
TABLE V I I 
X - r a y d i f f r a c t i o n d a t a f o r 1:2 m o l a r m i x t u r e of AgpWOj^  and 
. 0 HgBrp h e a t e d a t 150 C and t h e n c o o l e d t o room t e m p e r a t u r e . 
o d i n A I / I 
o 
o d i n A I / I 
o 
6 . 2 1 * 
3 . 6 5 * 
3 .33* * 
3 . 1 8 t 
2 .98 t 
2 .88* * 
90 
9 
7 
13 
18 
100 
2.73' 
2.07' 
,*» 2 . 0 T 
1.66** 
17 
11 
58 
16 
11 
• * .5. * t L i n e s f o r HgVO^ ; " " L i n e s f o r AgBr-'; ' L i n e s f o r HgBrp 
( C h a p t e r I I I , T a b l e I V ) . 
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TABLE V I I I 
X - r a y d i f f r a c t i o n d a t a f o r 2;1 m o l a r m i x t u r e of AgpVO^ and 
HgBrp h e a t e d a t 150°C and t h e n c o o l e d t o room t e m p e r a t u r e . 
o 
d i n A I / I . 
0 
d i n A 
2.01++.* 
1.30+ 
1.77 + 
1.51 + 
I / I , 
40 
41 
12 
17 
3.33 
3.13+ 
2.88* 
2 . 8 2 t t 
2.60++ 
12 
28 
100 
55 
12 
+ L i n e s f o r HgWO^^; * L i n e s f o r AgBr^; ++ L i n e s f o r kg2^0^ -
TABLE IX 
X - r a y d i f f r a c t i o n d a t a f o r 1;3 m o l a r m i x t u r e of Agp^fO^ and 
HgBr2 h e a t e d a t 150 C and c o o l e d t o room t e m p e r a t u r e . 
d in 2 I / I . 
o 
d i n A I / I 0 
6,23* 
3 .64* 
3.18 + 
3.05 + 
2 .88 * * 
27 
21 
32 
32 
100 
2.55' 
2.07' 
* * 2.04 
1.66** 
1.55+ 
14 
14 
54 
16 
12 
+ L i n e s f o r HgWO^^; ** Lines for AgBr 
L i n e s f o r HgBr2 ( C h a p t e r I I I , T a b l e IV) 
109 
X-ray analys is of other molar mixtures (Tablea YII to 
IX) namely, 1:2, 2:1 and 1:3 of Ag2V0, and HgBr^ showed that 
the reac t ion sequence follows the same pa t t e rn as of 1;1 
molar mixture and the excess of e i t h e r reactant remained 
unreacted. 
Mechanism of Latera l Diffusion 
In the l a t e r a l di f fusion experiment of Ag^ WO^  and 
HgBr^. i t was observed tha t a f t e r placing mercuric bromide 
over s i l v e r tungs ta te in the g l a s s tube , a greenish yellow 
layer appeared at in te r face a f t e r sometime. A gap a lso 
developed between mercuric bromide and the product l aye r . 
The k i n e t i c data for l a t e r a l d i f fus ion at d i f fe ren t tempera-
t u r e s (F ig . 3) best f i t the parabol ic r a t e equation: 
X^ = K t ( 1 ) 
where X i s the product th ickness at time t , and K i s a cons-
t a i i t . The value of r a t e constant K was found to increase 
with temperature in accordance with the Arrhenius equat ion, 
From the Arrhenius p lo t (F ig . 4 ) , energy of a c t i v a t i o n was 
ca lcula ted to be 79.28 Kj/mole. 
Resul ts show t h a t : (1) r eac t ion under study i s d i f fu -
sion cont ro l led , (2) the diffusing species i s mercuric b ro-
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Fig. I* Dependence of reaction rate 
on temperature for Silver 
tungstate - Mercuric bromide 
react ion . 
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mide and (3) the diffusion of mercuric bromide in silver 
tungstate is controlled by both vapour phase and surface 
migration, Evidences are given to confirm the above conclu-
sions. 
2 
The plot of X versus t (Fig. 3) shows that the rate 
of reaction decreases with time and therefore also with an 
Increase in thickness of product layers in accordance with 
parabolic law. The initial rapid increase in the thickness 
of the product ia due to the fact that resistance to reaction 
which is in the form diffusion through the product layer is 
small. As the reaction proceeds, the reactants have to 
diffuse across the product layers for further propagation of 
reaction, hence they take more time to diffuse and the reac-
tion rate decreases. As a result of this, the reaction 
obeys the parabolic rate law, except for the initial stages. 
The reactants were later placed in a glass capillary 
with an air-gap in between the two reactants. The capillary 
was kept in a thermostat at 16o C and after sometime it was 
observed that the reaction occurred on the side of silver 
tungstate only. This clearly demonstrates that It is only 
the solid mercuric bromide that moves towards the silver 
tungstate side. 
Since the value of activation energy is not high, it 
appears that bulk diffusion does not take place. The diffu-
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sion may be controlled "by surface migration or by vapour 
phase migration or by both. Since mercuric bromide hae 
appreciable vapour pressure , i t appears tha t i n i t i a l l y the 
empty space i s f i l l e d with the vapour which subsequently 
r e a c t s with s i l v e r t u n g s t a t e . However, d i f fusion by surface 
migrat ion cannot be ruled out . Kinet ics of the r eac t ion was 
also studied when the r e a c t a n t s were separated by an a i r -gap 
of d i f fe ren t length . The value of r a t e constajat, K* was 
found to depend on the length of the air-gap between r e a c -
tan t l aye r s according t o the following equation , 
£• = Ae-^^ (3) 
when d i s the length of t h e a i r -gap and A, and b are cons^ 
t a n t s . The l i nea r plot of log K' versus d (P ig . 5) i n d i c a t e s 
tha t as the length of t h e a i r -gap increased, the reac t ion 
r a t e decreased. The r a t e constant was also found to depend 
on the p a r t i c l e s i z e . When K' was p lo t ted against the square 
of the rad ius of the p a r t i c l e (F ig . 6 ) , a s t r a igh t l i n e i s 
obtained showing that the reac t ion r a t e Increases with i n -
crease in p a r t i c l e s i z e . These two experiments support the 
fact tha t surface migration of mercuric bromide also plays 
some part in the diffusion process . The r e l a t i v e contr ibu-
t ion of vapour phase and surface migration mechanism was c a l -
culated from the diffusion experiments of mercuric bromide. 
The data obey the following equation (F ig . 7 ) . 
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V - K^t (4) 
where ¥ is the amount of mercuric hromide diffused in air, 
t is the time and K^  is a constant. The value of K. depends 
on the diameter of the tube according to the following equa-
tion'^ , 
K^/r ^ ar > e (5) 
where r is the radius of bhe tube, a and ^ are given by 
a = TICQD-^/I and ^ = 2HCQDQ, 1 is the distance of mercuric 
bromide surface from open end of the tube, C^ is the equili-
briizm concentration of mercuric bromide just above the sur-
face, D-y is the vapour phase diffusion coefficient and Dg is 
the diffusion coefficient for surface migration. The value 
of C^, the concentration of mercuric bromide just above the 
mercuric bromide surface was calculated by using the equa-
tion , 
PV = nRT (6) 
Vapour pressure, P, of mercuric bromide was obtained using 
Q 
the equation , 
lo«,0P= - ^ - ^ f 2 2 a ^ ^ (,) 
where T i s absolute temperature, P i s the vapour pressure 
of mercuric bromide in mm, a and b are constants equal to 
• uoiiDj6|iJu aoD^jns JO| puo 
jiD ui apiojojq o\jnojz\^ ^o \uz\o 
- 1^^300 uo isn i^ ip ^o UOUDUJIJS3 9 B i j 
*70-0 
- 90-0 
- 21-0 
- 9L-0 
8 U 
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79800 and 10.181, respectively. The vapour pressure of mer-
curic bromide at the experimental temperature was calculated 
to be 9.55 mm. 
The values of Dg and Dy. were calculated from the 
plot of K^/r versus r (Fig, 8) and were found to be 7.55x10* 
and 2.2x10* cm /sec, respectively. These results clearly 
show that the diffusion of mercuric bromide in the solid 
silver tungstate ia controlled by both vapour phase and sur-
face migration. 
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CHAPTER VI 
SOLID STATE REACTION 
Ag2V0^-HgCl2 
122 
In t h i s chapter k i n e t i c s and mechanism of AgpVO.-HgClp 
reac t ion have been studied in sol id s t a t e . This reac t ion i s 
a simple exchange type of reac t ion wherein cat ions and an-
ions of the r eac tan t s are exchanged to give products . The 
k i n e t i c s have been studied at var ious temperatures . To 
understand the mechanism of l a t e r a l di f fusion the k i n e t i c s 
have also been studied for p a r t i c l e s of d i f fe ren t s i zes and 
by keeping an a i r -gap of d i f fe ren t lengths between the r eac -
t a n t s . In order to e s t ab l i sh the mechanism of the r eac t ion 
X-ray d i f f r a c t i o n , chemical a n a l y s i s , e l e c t r i c a l conduct ivi ty 
and thermal s tudies were made. Diffusion coeff ic ient of 
mercuric; chloride in a i r and for surface migrat ion have been 
experimentally determined. 
Kine t ic Study 
The k ine t i c s of the reac t ion were studied by placing 
mercuric chloride ever s i l v e r tungs ta te (both above 500 mesh 
s ize) In a v e r t i c a l g lass tube ae described in the preceding 
chapter . The k ine t i c s has been carr ied out at temperatures 
ranging from 120 to 170 C. Rate constants ca lcula ted at 
d i f f e ren t temperatures are l i s t e d in Table I , The k i n e t i c s 
of t h e r eac t ion was also followed by keeping an a i r -gap of 
d i f f e ren t lengths between the two r eac t an t s in the reac t ion 
tube at constant temperature. Kinet ics was also carr ied out 
for d i f fe ren t p a r t i c l e s i zes of r e a c t a n t s . The values of 
r a t e constant for d i f fe ren t p a r t i c l e s i ze s and for d i f fe ren t 
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lengths of i^ ir-gap between the reactants are reported in 
Tables II and III, respectively. The values reported in 
tables are the mean values of three measurementB. 
TABLE I 
Dependence of parabol ic r a t e constant on temperature for 
AgpW0.-HgCl2 reac t ion . 
Temperature K Mean devia t ion 
(°C + 0.5) (cm^/hr) 
120 1 .10 X 10 '^  0 . 015 X 1 0 " ^ 
130 1 .90 X 10""^ 0 .011 X 10" '^ 
U O 2 .88 X 10""^ 0 . 0 0 9 3C 1 o " ^ 
150 4 . 3 7 X 10" '^ 0 . 0 1 0 x 1 0 " ^ 
160 6 .61 X l o " ' ^ 0 . 0 1 3 X 1 0 * ^ 
170 9 . 7 5 X 10"** 0 . 0 1 0 x 1 0 * ^ 
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TABLE I I 
Effect of p a r t i c l e size on r a t e constant for Ag„WO.-HgClp 
reac t ion at constant temperature. 
P a r t i c l e size 
(mesh) (cm /h r ) 
Mean devia t ion 
100 
150 
200 
270 
9 . 0 X 10 
7 , 5 X 10 
6 . 0 X 10 
5 .5 X 10 
- 4 
" 4 
- 4 
- 4 
0 . 0 0 9 X 10 
0 . 0 1 2 X 10 
0 , 0 0 8 X 10 
0 . 0 1 2 X 10 
- 4 
- 4 
- 4 
- 4 
• 0 
Temperature, 150 +. 0,5 0; p a r t i c l e s of a given mesh s i ze 
a lso contains high mesh s ize p a r t i c l e s . 
TABLE I I I 
Effect of length of a i r -gap on r a t e constant for 
Ag2W0*^ -HgGl2 reac t ion at constant temperature. 
Length of a i r -gap 'd* 
(cm) 
K" 
(cm /h r ) 
Mean devia t ion 
0 , 2 
0 .5 
0 .8 
1.2 
8 . 7 1 I 1 0 " ^ 
6,31 X 1 0 " ^ 
4 . 4 6 X 1 0 " ^ 
2 ,63 X l o " ^ 
0 .017 X 10 
0 . 0 1 5 X 10 
0 .017 X 10 
0 .011 X 10 
-5 
-5 
-5 
-5 
Temperature, 15o + 0.5 C; P a r t i c l e s i z e , above 300 mesh. 
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X-ray S t u d i e s 
Reac tan t s i n d i f f e r e n t molar r a t i o s were mixed 
tho rough ly in an aga te mor ta r and kept i n an a i r oven main^ 
t a i u e d a t 150 + 0-5 G f o r t h r e e d a y s , and t hen cooled t o 
room t e m p e r a t u r e . The X-ray d i f f r a c t o g r a m s of the r e a c t i o n 
m i x t u r e s were recorded hy Norelco Geiger counter X-ray 
d i f f r a c t o m e t e r (PW 1010 P h i l i p s ) u s ing CuK^ r a d i a t i o n and 
N i - f i l t e r . apply ing 32 Kv a t 12 mA, 
The compounds p resen t were i d e n t i f i e d by c a l c u l a t i n g 
t h e d v a l u e s and the i n t e n s i t i e s of t h e l i n e s and comparing 
them with the s t andard v a l u e s of expected compounds. The 
compounds i d e n t i f i e d i n d i f f e r e n t molar m i x t u r e s of r e a c -
t a n t s a re given i n Table IV, 
TABliK IV 
Compounds present in d i f f e r e n t molar r a t i o m i x t u r e s of 
Ag^WO. and HgCl2 
Molar r a t i o s of Compounds p r e s e n t i n m i x t u r e s hea ted a t 
AgpWO^ and HgClp 150^0 and then cooled t o room t empera tu re 
1:1 AgCl and HgWO^ 
1:2 AgCl, HgWO^ and HgCl2 
2:1 AgCl, RE^O^ and Ag^VO^ 
1:3 AgCl, HgWO^ and HgCl2 
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Conductivity measurements 
A-gpVO. and HgClo (molar r a t i o 1:1) were mixed with 
each other and pressed into a d i s c in a d i e . The d i sc was 
then placed between platinum e lec t rodes and the conduct ivi ty 
was noted at d i f ferent time i n t e r v a l e by the same conduct i -
v i t y Bridge reported in preceding chapter at 50 G/B. Simi-
l a r experiments were repeated with other molar r a t i o mixtures, 
The r e s u l t s are shown in Figure 1. 
Thermal studied 
AgpWO^  and HgCl^ (molar r a t i o 1;1) were taken in a 
double walled calorimeter which was placed in a thermostat 
at 30 z. 0-1 C. The mixture was s t i r r e d thoroughly by t u r n -
ing upside down, and the temperature was measured with a 
Beckmann thermometer at d i f f e ren t t imes . Similar experiments 
were repeated with other molar r a t i o lo iz tures . The r e s u l t s 
are given in Figure 2. 
Analysis of Product Layer 
A reac t ion tube with th ick product layer waa broken 
and the product layer was col lec ted ca re fu l ly . The X-ray 
and chemical analyses of t h e ma te r i a l s showed them to be a 
mixture of AgCl and HgWO.. 
Diffusion Study of Mercury(Il) Chloride 
Diffusion study of mercury(II) chloride was made in a 
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s i m i l a r manner as de sc r i bed by Ras tog i and Dubey , Known 
we igh t s of mercur ic c h l o r i d e were t a k e n , i n g l a s s t u b e s of 
d i f f e r e n t d i a m e t e r s , i n such a way as the l e n g t h of open end 
of t h e tube from t h e su r f ace of mercu r i c c h l o r i d e were same 
i n a l l t h e t u b e s . These were kept a t 180 C i n the oven and 
the weight of HgCl, d i f f u o i n g away was de t enn ined at d i f f e r -
ent t imes by weighing. The r e s u l t s a r e p l o t t e d i n F i g u r e s 
7 and 8 . 
R e s u l t s and Discuss ion 
The r e a c t i o n between s i l v e r t \ m g s t a t e and mercu r i c 
c h l o r i d e in t h e s o l i d s t a t e i s s i m i l a r t o the r e a c t i o n b e t -
ween s i l v e r t u n g s t a t e and m e r c u r i c bromide s t u d i e d i n the 
p r e v i o u s c h a p t e r . X-ray d i f f r a c t i o n a n a l y s i s (Table IT) 
r e v e a l t h a t AgpWO^ r e a c t s wi th HgClp i n 1:1 molar r a t i o g i v -
i n g AgCl and HgWO., The r e a c t i o n may be r e p r e s e n t e d as 
Ag2V0^ •*- HgCl^ > 2AgCl + HgWO^ 
Thermal s t u d i e s (F ig- 2) and conductance meastirements ( P i g . 1 ) 
show only one i n f l e c t i o n i n t h e curve t h u s i n d i c a t i n g t h e 
r e a c t i o n to be a s i n g l e s t e p r e a c t i o n . 
Conduc t iv i ty p l o t ( F i g . 1) show t h a t c o n d u c t i v i t y of 
p roduc t s i s g r e a t e r t h a n t h a t of r e a c t a n t a . This was con-
firmed by measuring the conductance of r e a c t a n t s and p r o -
d u c t s s e p a r a t e l y (Table V ) . 
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TABLE V 
C o n d u c t i v i t y of d i f f e r e n t corapoiinds a t 120°G 
Compounds C o n d u c t i v i t y 
(ohm cm)" 
AggWO^ 4 , 1 7 X 1 0 " ^ 
HgCl^ 6 , 1 2 X 10"^ 
AgCl 6 . 4 8 X 1 0 " ^ 
HgWO. 2 . 5 6 X 1 0 " ^ 
Thermal m e a s u r e m e n t s ( F i g , 2) show r a p i d i n c r e a s e i n 
t e m p e r a t u r e w i t h i n 40 m i n u t e s and t h e n d e c r e a s e i n t e m p e r a -
t u r e w h i l e t h e r e a c t i o n i s no t c o m p l e t e ( a s t h e X - r a y d i f f -
r a c t i o n a n a l y s i s of t h e same r e a c t i o n m i x t u r e m a i n t a i n e d a t 
room t e m p e r a t u r e f o r s e v e r a l d a y s showed t h e p r e s e n c e of 
r e a c t a n t s ) . The r e a s o n ms^ be t h a t i n t h e i n i t i a l s t a g e t h e 
r e a c t i o n i s f a s t due t o a s u r f a c e r e a c t i o n and t h e r e s i s -
t a n c e i n t h e form of p r o d u c t l a y e r t o t h e r e a c t i o n i s n i l . 
The d e c r e a s e i n t e m p e r a t u r e a f t e r a b o u t 40 m i n u t e s s u g g e s t s 
t h a t w i t h t h e g rowth of t h e p r o d u c t l a y e r t h e r e s i s t a n c e t o 
t h e r e a c t i o n becomes s t r o n g and c o n s e q u e n t l y t h e r e a c t i o n 
becomes s l o w . 
A 2:1 m o l a r m i x t u r e of AgCl and HgClo a t 150°G showed 
a 
"7 m,f\ 
change in c o n d u c t i v i t y from 4 .8x l0~ t o 6.3x10 mhos/cm. 
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In analogy with the formation^ of highly conducting k^^^gl^^ 
from Agl and Hgl^, the increase In conductivity in the AgCl-
3 
HgClo mixture has been suggested to be due to the formation 
of Agp^gCl^, If this presumption is true, the reaction 
sequence may be represented as 
Ag2W0^ + HgCl2 
2AgCl + HgCl2 
-^  2AgCl + HgWO^ 
-^  Ag^HgCl^ 
•^  4AgCl + HgW04 
?Ag2W0^ + 2HgCl2 
-^ 4AgCl + ^HgWO^ 
X - r a y d i f f r a c t i o n d a t a f o r 1:1 m o l a r m i x t u r e of Agp^'^A ^^^ 
HgClp a r e shown i n T a b l e V I . 
TABLE VI 
X - r a y d a t a f o r 1:1 m o l a r m i x t u r e o f AgpWO, and HgClp 
. 0 h e a t e d a t 150 C and t h e n c o o l e d t o room t e m p e r a t u r e . 
o 
d i n A 1/1. 
o 
d i n A I / I 
o 
3.18' ; + 
3.03^ 
2 . 7 6 * 
2.55'*' 
100 
78 
88 
40 
1.96+ 
1.76+ 
1.66* 
1.60* 
77 
26 
34 
+ L i n e s f o r HgWO^ ; * L i n e s f o r AgCl 
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The X-ray a n a l y s i s of 1 : ? molar mixture of AgpWO. and 
HgClp showed t h a t AgCl and HgWO, a r e the only p r o d u c t s and 
exces s HgClp i s l e f t vmreac ted . The r e a c t i o n i s s i m i l a r t o 
t h a t in 1:1 molar m i x t u r e . 
A^^VO^ + 2HgCl2 •^ 2AgCl + HgWO^ + HgCl^ 
Thermal and conductance measurements ( F i g s , 2 & 1) i n d i c a t e 
on ly one i n f l e c t i o n in the cu rve , which has been exp l a ined 
e a r l i e r . The X-ray d i f f r a c t i o n p a t t e r n of t h i s mix tu re i s 
given i n Table V I I . 
TABLE VII 
X-ray d i f f r a c t i o n p a t t e r n of 1 :2 molar mix tu re of Agp^^A ^^^ 
o HgClp hea ted a t 150 C and t hen cooled to room t empe ra tu r e 
d in i I / I 
o 
d i n I / I 
o 
4.38* 
3.39* 
3.19*^ 
3.05 
2 .77 * * 
35 
12 
97 
50 
100 
2.73 
2.56"^ 
1.96+.** 
1.68** 
1.59** '+ 
55 
28 
74 
17 
22 
+ Lines fo r HgWO ;^ ** Lines fo r AgCl''; " L ines fo r HgClj ' 5. * 
The X-ray d i f f r a c t i o n a n a l y s i s of 2:1 molar mix ture 
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.0 
of AgpVO-^  and HgClp hea ted a t 150 C and then cooled t o room 
t e m p e r a t u r e showed the presence of AgCl, HgWO. and Ag^^^A* 
The r e a c t i o n may be r e p r e s e n t e d a s 
2Ag^¥G^ + HgGl2 •^  2AgCl + HgVO^ + Ag2'^04 
Thermal and conductance measurements ( F i g s . 2 and 1) a r e a l s o 
i n d i c a t i v e of a s i n g l e s t e p r e a c t i o n . X-ray d i f f r a c t i o n d a t a 
a re g iven i n Table V I I I . 
TABLE Y I I I 
X-ray d i f f r a c t i o n p a t t e r n of 2:1 molar mix tu re of AgpWO^ and 
HgClp heated a t 150°C and t hen cooled t o room t e m p e r a t u r e . 
d i n A i / i o d i n A I / I o 
3.18 
3.05* 
3.00* 
2.94+ 
2 .84^ 
2 ,76 * * 
2,71"'" 
100 
68 
44 
35 
94 
71 
32 
2.60* 
2.56* 
1 .99+ 
1.96** 
1.67** 
1.59 • * 
29 
29 
29 
49 
26 
29 
L ines fo r HgVO^^; ** Lines fo r AgCl^; + Lines fo r Ag2^^jJ 
X-ray a n a l y s i s of 1:3 molar mix tu re of AgpWO. and 
HgClp i n d i c a t e d the p resence of AgCl, HgWO^ and HgClp- X-ray 
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d i f f r a c t i o n d a t a a r e g i v e n i n T a b l e IX 
TABLE IX 
X-ray d i f f r a c t i o n p a t t e r n f o r 1:5 m o l a r m i x t u r e of Ag^WO. and 
HgClp h e a t e d a t )30^C and c o o l e d t o roon) t e m p e r a t u r e . 
o 
d i n A I / I 
o 
d i n A I / I 
o 
4.35 
4.08' 
3 .1 
Qfit 2 . 9 8 
2 . 7 7 * * 
54 
10 
74 
?6 
26 
00 
2 .61 
2 ,55 
2 .07 ' 
1 ,67 
* * 
.** 
1 ,60 * H-
13 
11 
7 
52 
13 
16 
* Lines for HgWO '^^ ; ** Lines for AgCl^; "*• Lines for HgCl2 • 
Thermal and conductivity measurements (F igs . 2 and 1) show 
only one peak and thus i nd i ca t ing the reac t ion to be a 
s ingle step process . 
Mechanism of Lateral Diffusion 
Kinetic data (Fig , 3) for l a t e r a l di f fusion at dif-
ferent temperatures were found to obey the following equa-
t ion , 
X" - Kt (1 ) 
X" X 10 ' Urn; 
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where X i s the product th ickness at time t and K i s a cons-
t a n t , K i s r a t e constant and follows the Arrheziiu.'j equat ion. 
The a c t i v a t i o n energy, calculated from a log K versus i n -
verse temperature plot (Fig , 4) i s 71.51 Kj/mole, 
The app l i cab i l i t y of parabol ic equation c l ea r ly i n d i -
ca tes tha t react ion i s diffusion con t ro l l ed . In the l a t e r a l 
d i f fus ion experiment of AgpWOi and HgClp r eac t i on , i t was 
observed that a f te r placing powdered HgCl^ over AgpWO ,^ a 
whi t i sh yellow boundary appeared at the in te r face a f t e r some 
t ime, which grew only on AgpVO^ s ide , A gap developed 
simultaneously between mercuric chlor ide and the product 
l aye r , Vhen r eac t an t s were placed in a g l a s s tube with an 
a i r -gap in between the two r e a c t a n t s and the tube was kept 
in a thermostat at 130°C, i t was observed t h a t the product 
layer was formed only on s i l v e r tungs ta t e s i d e . This c l ea r ly 
shows tha t diffusing species i s mercuric ch lo r ide . 
Formation of product l ayer while the r e a c t a n t s were 
kept in g lass tube with an a i r -gap in between and the high 
vapour pressure of mercuric chlor ide suggests tha t gaseous 
HgClp molecules react with Ag^^O^ at the in te r face v ia 
• t t - 2-f 
counterdiffusion of Ag and Hg through product l a y e r s . 
However, the r a t e s of reac t ion are not same in both the 
cases when the r eac t an t s are in adjacent pos i t ion and are 
separated by an a i r -gap . In the l a t e r case, the values of 
r a t e constant were found to depend on the length of the 
137 
o 
1-8 
2-2 
2 - 6 
3 0 
3-A 
3-8 
4-2 
A - 6 
^ \ 
^ • 
\ 
^ • 
\ 
• 
\ 
• 
\ 
: \ 
\ 
\ 
1 I 1 1 ! 1 I X l I I 
2 0 2-2 2-A 2-6 
1 /TX10 
2-8 3-0 
Fig. 4 Dependence of react ion rate on 
temperature for Silver tungsta te 
Mercuric ch lor ide react ion . 
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air-gap according to the equation , 
K" = Ae-^ "^  (2) 
where d i s the length of a i r -gap and A and b are cons tan t s . 
The log K" versus d plot (F ig . 5) shows tha t aa the length 
of the a i r -gap increased, the reac t ion r a t e decreased. 
Kinet ics was also performed for d i f fe ren t p a r t i c l e s i z e s . 
I t was Been tha t when K" was p lo t ted against the square of 
rad ius of the p a r t i c l e (F ig , 6) , a s t r a i g h t l i n e was obtained 
showing tha t the reac t ion r a t e Increases with increase in 
p a r t i c l e s i z e . From these two experiments i t may be con-
cluded tha t mercuric chlor ide migrates through surface a l s o . 
The values of diffusion coeff ic ient for surface migration 
and vapour phase were calculated by performing an experiment 
on diffusion of mercuric ch lo r ide . The da ta best f i t the 
equation (Fig . 7) , 
V = K^t (5) 
where W is the amount of mercuric chloride diffused in air, 
t is the time and K- is a constant. The values of rate 
constant K^  were found to depend on the diameter of the tube 
according to equation , 
K./r - ar + e (4) 
here r i s the radius of the tube, a and /3 are given by 
a = TTCgD /^l and p =^ SirCeDs, 1 i s the d i s t ance of mercuric 
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Time ( h r s ) 
Fig. 7 K inet ic da ta for the s tudy of d i f f u s i o n 
of Mercur ic ch l o r i de 
( • ) r = 0-1 cm., ( A ) r = 0 - 2 c m , ( J ( ) r= 0-3cm. 
( • ) r= 0 -4cm. 
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Fig. 8 Est imat ion of d i f fus ion coe-
f f ic ient of Mercuric chlor ide 
in air and for sur face migration. 
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s 
chloride surface from open end o±' the tube. Cg is the equi-
librium concentration of mercuric chloride just above the 
surface, D^ is the vapour phase diffusion coefficient and D 
is the diffusion coefficient for surface migration. The 
value of CQ, the concentration of mercuric chloride Just 
above the mercuric chloride surface was calculated by using 
the equation, 
PV - nRT (5) 
Vapour pressure of mercuric chloride was calculated by using 
9 the equati on , 
here T i s absolute temperature, P i s the vapour pressure of 
mercuric chloride in mm, a and b are constants equal to 78850 
and 10.094, r e spec t ive ly . The vapour pressure of mercuric 
chlor ide at the experimental temperature was ca lcula ted to 
be 10.06 mm. The values of Dg and D^ were ca lcula ted from 
the p lo t of K. / r versus r (F ig . 8) and were found to be 
-4 -2 2 / 
5.57x10 and 2,1x10 cm / s e c , , r e s p e c t i v e l y . These r e s u l t s 
i n d i c a t e tha t surface migration of mercuric chloride also 
plays gome part in the di f fus ion process . 
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OHiLPTER V I I 
SOLID STATE REACTION 
Ag2V04-HgBrI 
146 
In t h i s chap te r k i n e t i c s and mechanism of the r e a c t i o n 
between s i l v e r t u n g s t a t e and mercury hroffloiodide in the s o l i d 
s t a t e were s t u d i e d . The mechanism of the r e a c t i o n was prohed 
by c o n d u c t i v i t y measurements , chemical a n a l y s i s and the rma l 
and X-ray s t u d i e s . The e f f e c t of t empe ra tu r e and p a r t i c l e 
s i z e on r e a c t i o n r a t e was a l s o demons t r a t ed . 
Rate Measurements 
HgBrI powder was placed over AgpWO. powder (bo th 
above ?00 mesh s i z e ) in t h e r e a c t i o n tube and t h e progress 
of the r e a c t i o n was noted by measur ing t h e t h i c k n e s s of the 
product l a y e r as desc r ibed i n t h e p reced ing c h a p t e r , K i n e -
t i c s were l i k e w i s e s t u d i e d a t v a r i o u s t e m p e r a t u r e s and fo r 
d i f f e r e n t p a r t i c l e s i z e s . Rate constants c a l c u l a t e d a t 
v a r i o u s t e m p e r a t u r e s and fo r d i f f e r e n t p a r t i c l e s i z e s a re 
r e p o r t e d i n Tables I and I I , r e s p e c t i v e l y . Reported v a l u e s 
in t a b l e s a re t h e mean of t h r e e measurements . 
A n a l y s i s of the Product Layer 
The r e a c t i o n tube hav ing two d i s t i n c t l a y e r s of t h e 
p roduc t was broken and the two product l a y e r s were c o l l e c t e d 
s e p a r a t e l y . X-ray a r m l y s i s showed one product l a y e r t o be 
AgpHgl^. and another l a y e r t o be a mix tu re of Ag(Br , I ) and 
HgWO^. 
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TABLE I 
Temperature dependence of parameters of equation X^ = kt 
for Ag-VO.-HgBrl reaction. 
Temperature 
(°C + 0. 
97 
112 
120 
130 
142 
154 
170 
.5) 
k 
(cm/hr) 
3.02 X 
6,46 X 
9.12 X 
1.58 X 
5.31 X 
4.37 X 
8.71 X 
10-^ 
10-^ 
10"^ 
10-5 . 
10-5 
10-5 
10-5 
Mean d e v i a t i o n 
0,013 X 10"** 
0.009 X 10-^ 
0.014 X lo""* 
0.011 X 10"5 
0.009 X 10-5 
0.011 X 10-5 
0.013 X 10"5 
n 
1 ,64 
" TABLE I I 
E f f ec t of p a r t i c l e s i z e on r a t e cons t an t fo r AgoWO.-HgBrl 
r e a c t i o n a t cons tan t t e m p e r a t u r e . 
P a r t i c l e s i z e k' Mean d e v i a t i o n 
(mesh) (cm/hr) 
100 11.2 X 10"'^ 0.007 X 10-^ 
150 8 .3 X 10"*"^ . 0.010 X )0'^ 
200 6,6 X l o " ^ 0.011 X lO"'* 
270 5.9 X lo " ' ^ 0.008 x 1Q-"^ 
Tempera ture , 150 + 0*5^C; p a r t i c l e of a given mesh s i z e a l s o 
c o n t a i n high mesh s i a e p a r t i c l e s . 
148 
X'-ray S t u d i e s 
Powdered kg^^^^A ^^^ HgBrl were mixed t h o r o u g h l y i n an 
a g a t e m o r t a r . One p a r t of e a c h m i x t u r e was k e p t i n an a i r * 
oven, m a i n t a i n e d a t 150^ + 0 . 5 ^ C , f o r t h r e e d a y s and t h e n 
coolecL t o room t e m p e r a t u r e , a n o t h e r p a r t of t h e m i x t u r e was 
k e p t a t room t e m p e r a t u r e . The two r e a c t i o n m i x t u r e s were 
t h e n a n a l y s e d "by R igaku X - r a y d i f f r a c t o m e t e r , J a p a n (Model 
No . RU 200 B) u s i n g CuK^^  r a d i a t i o n a p p l y i n g 4 KW. 
The compounds formed i n d i f f e r e n t m i x t u r e s a t room 
t e m p e r a t u r e and a t 150°C a r e l i s t e d i n T a b l e I I I . 
TABLE I I I 
Compounds p r e s e n t i n d i f f e r e n t m o l a r r a t i o m i x t u r e s o f 
Ago^^A ^^^ HgBrl 
M o l a r r a t i o s of Compounds i d e n t i f i e d i n m i x t u r e s 
A irn D tr -n X m a i n t a i n e d a t 
Ag2^04 * HgBrl 
Room t e m p e r a t u r e 1 50*^C 
1 : 1 A g ( B r , I ) , Ag^gl^, A g { B r , I ) , HgWO^ 
HgWO. and Ag2V0^ 
1 : 2 A g ( B r , I ) . Ag2Hgl4 A g ( B r , I ) , HgWO^ 
HgWO^, and HgBr l and HgBrl 
2 : 1 A g ( B r , I ) , Ag2Hgl4, A g ( B r , I ) , HgWO^ 
HgVO^ and Ag^VO^ and Ag2^^4 
1 : 3 A g ( B r , I ) . Ag^Hgl^ . A g ( B r , I ) , HgWO^ 
HgWO^ and HgBrl and HgBrl 
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Thermal Studies 
Thermal measurements with different molar ratio mix-
tures of Ag2^^A ^^'^ HgBrl were made in a temperature con-
trolled room. Weighed amounts of both the reactants were 
taken in a double walled calorimeter which was placed in a 
thermostat at 30 ±_ O.l^C. The mixture was stirred thoroughly 
and the temperature rise was measured with a Beckmann thermo-
meter at different time intervals. The results are given in 
Figure 1. 
Conductivity Measurements 
Ag2W0^ and HgBrl in different molar ratios, were 
thoroughly mixed with each other, put into a die and pressed 
into a disc. The disc was then fixed between platinum elec-
trodes and conductivity was measured at different time inter-
vals by conductivity Bridge (Cambridge Instrument Co. Ltd., 
England) at 50 c/s. The results are shown in Figure 2. 
Results and Discussion 
It is evident from Table III that AgjWO^ and HgBrl 
react in 1:1 molar ratio in solid state. The results fur-
ther indicate that the reaction is multistep. The reaction 
sequence for different molar ratios of reactants is discussed 
as follows; 
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TABLE IV 
X-ray d i f f r a c t i o n d a t a fo r 1;1 molar mix ture of AgpVO^ and 
HgBrI hea ted a t 150 C and then cooled to room t e m p e r a t u r e . 
d in i I / I Q d i n A I / I Q 
3 .18^ 54 2.07* 76 
3 .02 t 65 1.94*.+ 27 
2.92* 100 1 .70* 27 
2.53+ 55 
••* L ines fo r HgWO^^  . 
* L ines fo r Ag(Br,I) (Chapter I I I , Table I ) , 
X-ray d i f f r a c t i o n a n a l y s i s (Tab le IV) of 1:1 molar 
mix tu re of Ag2W04 and HgBrI main ta ined at 150 C fo r t h r e e 
days a f t e r mixing, gave evidence of only Ag(Br,I ) and HgWO. 
as t h e end p r o d u c t s . However, X-ray d i f f r a c t i o n a n a l y s i s 
(Table I I I ) of t h e same molar mix ture of r e a c t a n t s main-
t a i n e d at room t empera tu re fo r about 24 hours showed t h e 
p re sence of Ag2HgI^ and Ag2 '^^ A» b e s i d e s Ag(Br , I ) and HgWOj, 
i n d i c a t i n g t h a t t h e r e a c t i o n i a not complete a t t h i s tempe-
r a t u r e . In t h e l i ^ t of t h e s e fo l lowing two r e a c t i o n c o u r s e s 
seem p r o b a b l e . 
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Mechanism I 
•5Ag2WO^ + 3HgBrI ^ 3AgBr + 3AgI + ^HgWO^ ( i ) 
3AgI + HgBrI ^ Ag^Hgl^ + AgBr ( i i ) 
4Ag2V04 + 4HgBrI > 14AgBr + 4AgI j + ABg^^ 
S o l i d s o l u t i o n 
MechanisiD I I 
2Ag2W04 + 4HgBrI ^ 4AgBr + 2Hgl2 + 2HgW0^ ( i ) 
Ag^^O^ + 2Hgl2 > Ag^Hgl^ + HgWO^ ( i l ) 
Ag2V04 + Ag2Hgl4 ^ 4AgI + HgWO^ ( i i i ) 
4Ag2^0^ + ^HgBrl > (4AgBr + 4AgI | ^ AUgW^ 
Solid solution 
Both the mechanisms postulate the formation of Ag2^g^A ^ s 
an intermediate product which ia in agreement with X-ray 
diffraction analysis made at room temperature. Mechanism II 
postulates the formation of Hgl^ In the f i rs t stage of the 
reaction while Mechanism I of Agl. However, when Agn^^A 
(pale white) and HgBrI (yellow) were mixed in 1:1 molar ratio 
at room temperature, the light yellow colour of the reaction 
mixture turned dark yellow. Hence on the basis of colour 
change i t may be suggested that the formation of Agl in the 
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f i r s t stage of the reac t ion i s more probable. Agl, formed 
2 in f i r s t step r e a c t s with HgBrI, y ie ld ing A^ '^ Br and AgpHgl. 
in the next s tage . Ag^^S^A r e a c t s with unreacted kQ2^0^ t o 
give again Agl and HgtfO,. The reac t ion between AgpHgl^ and 
Ag.^ WO^  i s very slow at room temperature , hence AgpHgl^ i s 
detected in X-ray analys is made at room temperature but not 
at 1 50*^0. 
Thermal measurementf3 (Pig, 1) made with 1 :1 raolar 
mixture of AgpVO^ and HgBrI show two peaks. This suggests 
xhat the react ion has two s t eps . This i s understandable as 
the t h i r d step i s very slow at room temperature, hence t h i s 
i s undetectable by thermal measurements. 
The plot of conductivi ty versus tirae (Fig, ?) for the 
Same molar mixture of k^J^O. and HgBrI shows that the con-
d u c t i v i t y r i s e s f i r s t rapid ly and then f a l l s slowly, i n d i -
ca t ing the occurrence of more than one s t e p . The increase 
in conductivi ty i s due to the formation of Agl in step ( i ) 
and of Ag^^gl. in step ( i i ) . As step ( i i ) i s f a s t , conducti-
v i t y increases due to the formation of highly conducting 
AgpHgl^ and decrease t he rea f t e r i s due to i t s disappearance 
through step ( i i i ) , 
The X-ray ana lys i s (Table I I I ) of 2:1 molar mixture 
of AgpVO. and HgBrI maintained at room temperature and 150 C 
suggest tha t the reac t ion sequence i s s imi lar to that in 1:1 
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molar m i x t u r e . 
7Ag2V0^ -*- 3HgBrI > 3AgBr + ^Agl + 3HgV0^ + 4Ag2VO^ ( l ) 
3AgI + HgBrI ^ Ag^Hgl^ + AgBr ( i i ) 
AS2HgI^ + kg^m^ } 4AgI + HgWO^ ( i l l ) 
SAg^m^ + 4HgBrI > ,4AgI + 4AgBr, + mgW^ -h 4Ag2V04 
Sol id s o l u t i o n 
The X-ray d i f f r a c t i o n p a t t e r n of t h i s molar mix tu re 
i s g iven i n Table V. 
TABIiE Y 
X-ray d i f f r a c t i o n p a t t e r n fo r the 2:1 mol&r mix ture of 
Ag^VO^ and HgBrI hea ted a t 150^C and cooled t o room 
t e m p e r a t u r e . 
d in i I / I , o d i n A I / I o 
3.93'^ 
3 .17^ 
3.02"^ 
2 ,92^ 
2.82* 
10 
43 
27 
100 
62 
2.69' 
2,08 X 
1.96 t»^ 
1.73 
1 . 7 1 ^ 
17 
52 
15 
13 
13 
+ Lines fo r HgWO^S * l i n e s f o r Ag^WO.^. 
^ L ines fo r Ag(Br,I) (Chap te r I I I , Table I) 
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The thermal Hieaeurements ( F i g . 1) i n d i c a t e two maxima 
in t h e curve auppor t ing s t e p s ( i ) and ( i i ) . The r ea son of 
non-evidence of s t ep ( i i i ) hy t he rma l s t u d i e s has been e x -
p l a i n e d e a r l i e r . 
The c o n d u c t i v i t y curve ( F i g . 2) shows only one peak 
which h a s been expla ined e a r l i e r i n t h e r e a c t i o n of 1:1 molar 
m i x t u r e of the same r e a c t a n t s . 
The X-ray d i f f r a c t i o n a t i a l y s i s of 1:2 and 1:3 molar 
m i x t u r e s of Ag^ WO^ and HgBrI main ta ined at room t empe ra tu r e 
and 150 C propose the same r e a c t i o n sequence as sugges ted 
fo r 1:1 molar m i x t u r e . The r e a c t i o n mechanisni fo r 1:2 molar 
mix tu re may be w r i t t e n as 
3Ag2VO^ + 7HgBrI > -^AgBr -*- 5AgI + ^HgWO^ -f 4HgBrI 
3AgI + HgBrI > A g ^ g l ^ + AgBr 
Ag2Hgl4 + Ag2W04 > 4AgI + HgWO^ 
4Ag2W0^ + SHgBrI > 14AgI + 4AgBr| + 4HgW0^ + 4HgBrI 
Sol id s o l u t i o n 
and fo r 1:3 molar mixture as 
^kg^Wj^ + l lHgBrl ^ 3AgBr + 3AgI + 3HgV04 + SHgBri 
3AgI + HgBrI > Ag2Hgl4 + AgBr 
Ag2Hgl4 + Ag^\!0^ ^ 4AgI + HgVO^ 
^Ag^VO^ -¥ 12HgBrI > j4AgI f 4AgBr | + mgW^ •»- SHgBri 
Sol id s o l u t i o n 
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The X-ray d i f f r a c t i o n d a t a fo r 1:2 and 1;3 molar mix-
t u r e s a re dep ic t ed In Tab les VI and V I I , r e s p e c t i v e l y , 
TABLB VI 
X-ray d i f f r a c t i o n d a t a fo r 1:2 molar mix ture 
of Ag^ WO^ and HgBrI hea ted a t 150°C and t h e n 
cooled to room t e m p e r a t u r e . 
d in i I / IQ 
6,55* 20 
3.74* 14 
3.36* 12 
3.16+ 34 
3.00+ 40 
2.92^ 100 
2.77* 13 
2.53+ 19 
2.07^ 42 
1.92^'+ ^3 
1.68^ 11 
+ Lines for HgWO^^. 
^ Lines for Ag(Br,I) (Chapter I I I , Table I ) . 
* L ines fo r HgBrI (Chapte r I I I , Table I I ) . 
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TABLE VII 
X-ray d i f f r a c t i o n d a t a fo r 1:3 molar mix tu re 
of Ag2W0. and HgBrI hea ted a t 130°G and t h e n 
cooled to room t e m p e r a t u r e . 
d i n A I / I Q 
6.55* 40 
3.74* 42 
3.36* 56 
3.16+ 28 
3 . 0 l t 22 
2.92^ 100 
2.77* 29 
2,61+ 18 
2 .06^ 59 
1 .94^ ' t 34 
1.69"^ 21 
+ Lines fo r HgVO^^ . 
^ Lines fo r Ag(Br,I) (Chapte r I I I , Table I) 
* Lines fo r HgBrI (Chapte r I I I , Table I I ) , 
Conduc t iv i ty ( F i g . 2) and t he rma l measurements (F ig . 
1) show s i m i l a r p a t t e r n as of 1:1 molar m i x t u r e , t h u s 
suppo r t i ng the above r e a c t i o n sequence . 
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Mechanism of LatergLL Diffusion 
The k i n e t i c data for l a t e r a l diffusion "best f i t the 
equation (Fig. 3) 
X" - kt (1) 
where X i 3 the t o t a l th ickness of the product layer at time 
t , k and n are cons tants . The value of k was found to i n -
crease with temperature in accordance with the Arrhenius 
equat ion , 
k = Ae"^/^'^ ( 2) 
The ac t iva t ion energy, measured from a log k versus inverse 
temperature plot (Fig . 4) i s 61,28 Kj/mole. 
Soon a f te r the placement of HgBrI over Ag^ VO^ in the 
reac t ion tube, a yellow product layer appeared at the i n t e r -
phase and t h i s extends with time on the Ag2W0- s ide . There-
a f t e r a red coloured boundary appeared between HgBrI and 
yellow layer . On cooling to room temperature, the red pro-
duct turned yellow (AgpHgl^ ^ i s red above 51 C and yellow 
below t h i s temperature) . 
The product growth in the tube shows tha t HgBrI diff-
uses in to Ag2W0. to give Agl, AgBr and HgWO.. Agl r e a c t s 
l a t e r with the incoming HgBrI to give AgpHgl^, For fur ther 
progress of the r eac t ion , HgBrI d i f fuses through the product 
o o o o oo ^ 
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l aye r s and reaches Ag2^04 ^^ give Agl, AgBr and HgWO.; Agl 
keeps on reac t ing with incoming HgBrI giving AgpHgl.. 
Later when the r eac t an t s were placed in a tube with 
some a i r -gap and the tuhe was kept in the oven at 160 C, i t 
was observed that a very th in yellow coloured layer was 
formed on the AgpVO. s ide . While the reac t ion proceeded 
rap id ly when the r eac tan t s were kept in contact in the tube 
at the same temperature. This experiment i nd i ca t e s tha t 
( i ) i t i s only HgBrI tha t moves towards Ag2W0. and ( i i ) the 
r eac t ion proceeds through surface migration of HgBrI. 
For fur ther confirmation of the mode of t r a n s p o r t , 
r a t e measurements were carr ied out for d i f f e ren t p a r t i c l e 
s i z e s . Vhen k' i s p lo t ted against the square of the r ad ius 
of the p a r t i c l e s (Fig. 5) a s t r a i g h t l i n e i s obtained show-
ing tha t the react ion r a t e increases with increase in pa r t i -
cle s i z e . This also confirms the fact t ha t the reac t ion i s 
surface migration con t ro l l ed . 
1G4 
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CfTAPTBR V I I I 
SOLID STATE REACTION 
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The solid s t a t e r eac t ion between Ag2V0. and HgClBr 
has been invest igated in t h i s chapter . The k i n e t i c s was 
studied (a) when the r eac t an t s were kept in contac t , (b) 
when they were separated by an a i r -gap of d i f fe ren t l ength , 
and (c) for p a r t i c l e s of d i f f e ren t s i z e s . Stoichiometry of 
the reac t ion has been es tab l i shed by X-ray d i f f r a c t i o n ana-
l y s i s , chemical ana lys i s , thermal and conduct ivi ty s t u d i e s . 
Diffusion coef f ic ien ts for vapour phase diffusion and su r -
face migration have been determined. 
Rate Measurement a 
HgClBr (above 200 mesh s ize) powder was kept over 
AgpWO, (above 200 mesh size) powder i n the g l a s s tube of 
0.5 cm i n t e r n a l diameter whose one end was sea led , and the 
progress of the reac t ion was noted by measuring the t o t a l 
th ickness of the product layer as described e a r l i e r . Kine-
t i c s were likewise studied at d i f f e ren t temperatures and for 
d i f fe ren t p a r t i c l e s i z e s . Rate constants ca lcula ted at 
var ious temperatures and for d i f f e ren t p a r t i c l e s i ze s are 
given in Tables I and I I , r e s p e c t i v e l y . The experiments 
were conducted in t r i p l i c a t e i^ nd the average values are 
given in the t a b l e s . 
The k ine t ics was also performed by keeping an a i r -gap 
of d i f fe ren t length between the two r e a c t a n t s . The r a t e 
constants were found to decrease by increas ing the length 
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of a i r - g a p between t h e r e a c t a n t s and t h e v a l u e s of t h e r a t e 
c o n s t a n t s a re g iven in Table I I I . 
TABL5 I 
Dependence of parametera of e q u a t i o n X = Kt on t e m p e r a t u r e 
f o r AgpWO.-HgClBr r e a c t i o n 
Temperature 
(°C t 0, 
no 
140 
150 
160 
166 
178 
.5) 
K 
(cm/hr) 
5.80 
7.94 
1.15 
2.69 
5.98 
8.13 
X 
X 
X 
X 
X 
X 
10-^ 
10-^ 
10-5 
10-5 
10-5 
10-5 
TABIiE 
Mean d e v i a t i o n 
0.007 X 10"^ 
0.010 X lo " ' ^ 
0.008 X 1 0 ' ^ 
0,010 X 1o"^ 
0,015 X 10"^ 
0,009 X 10"^ 
I I 
n 
1.50 
1.55 
1.67 
1.69 
1.69 
1 .69 
Dependence of r a t e cons t an t on p a r t i c l e s i z e 
fo r Ag^^O.-HgClBr r e a c t i o n . 
P a r t i c l e 
(mesh) 
100 
140 
200 
270 
s i z e (cm/hr ) 
9.2 2 10"^ 
4 .6 X 10"^ 
2.6 X 10"-^ 
1 .5 X 10"^ 
Mean d e v i a t i o n 
0.010 X 10'-^ 
0.015 X lO"'^ 
0.009 X 10"^ 
0.011 X 10~^ 
Tempera tu re , 160 +^  0 .5 C; p a r t i c l e s of a g iven mesh s i z e 
a l s o c o n t a i n h igh mesh s i z e p a r t i c l e s . 
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TABLE IV 
Gompoujads p re sen t in. d i f f e r e n t moiar r a t i o m i x t u r e s of 
kS2^^^ and HgClBr, 
Molar r a t i o s of Compounds i d e n t i f i e d i n mix tu re s hea ted 
AgoVO, and HgClBr ^^ ^50^0 and t h e n cooled t o room tempe-
'^ 2 4 ^ r a t u r e 
1 :1 
1:2 
2 :1 
1:3 
Ag(Cl,Br) and HgWO^ 
Ag(Cl ,Br ) , HgWO^ arid HgClBr 
Ag(Cl ,Br ) , HgWO^ and AS2^0j^ 
Ag(Cl ,Br ) , HgWO^ and HgClBr 
Thermal S tud ie s 
AgpWO. and HgClBr (molar r a t i o 1:1) were t a k e n i n a 
double walled c a l o r i m e t e r which was p laced in a thei*mostat 
a t 30 ± 0 .1°C. The mix ture was s t i r r e d t ho rough ly and the 
t empera tu re r i s e was measured wi th a Beckraann thermometer a t 
d i f f e r e n t t i m e s . S imi l a r exper imen t s were r e p e a t e d wi th 
o t h e r molar r a t i o m i x t u r e s . The r e s u l t s a r e g iven i n 
F igure 1. 
Conduc t iv i t y Measurement a 
A mixture of Ag^VO. and HgClBr (molar r a t i o 1:1) was 
put i n t o a d i e and p r e s sed i n t o a p e l l e t . The p e l l e t was 
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then placed •between platinum e lec t rodes and the conduct ivi ty 
was measured at d i f fe rent times "by the sajne conductivi ty 
bridge used e a r l i e r . The r e s u l t s are p lo t ted in Figure 2. 
Analysis of Product Layers 
A reac t ion tube having the yellow and d i r t y white 
l aye r s of the product was broken and the products were 
co l lec ted separa te ly . The X-ray ana lys i s showed the yellow 
product as HgWO^  and d i r t y white product as the sol id so lu-
t ion of AgCl and AgBr. 
Diffusion Study of Mercury chlorobromide 
Diffusion study of mercury chlorobromide was conducted 
at 180 G in a s imi lar way as described e a r l i e r . Known 
weights of mercury chlorobromide were taken in g lass tubes 
of d i f fe ren t diameters , in such a way as the length of the 
open end of the tubes from i t s surface were same in a l l the 
tubes . The weight of HgCl2 di f fus ing away was determined by 
weighing at d i f ferent time i n t e r v a l s . The r e s u l t s are shown 
in Figures 7 and 8. 
Resu l t s and Discussion 
X-ray d i f f rac t ion ana lys i s (Table IV) suggest t ha t 
Ag2W0^  and HgClBr react in 1:1 molar r a t i o in the so l id 
s t a t e giving Ag(Cl,Br) and HgWO^  as the f i n a l products . I t 
seems tha t the reac t ion i s a simple exchange type and may 
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"be represented as 
Ag^WO^ + HgClBr ^ jAgCl + AgBr, + HgWO^ 
Solid solution 
The the rmal and c o n d u c t i v i t y measurementa ( F i g . 1) and ( F i g . 
2) show only one peak i n t h e cu rve , aga in s u g g e s t i n g t h a t 
t h e r e a c t i o n i s a s i n g l e s t e p r e a c t i o n . The X-ray d i f f r a c -
t i o n p a t t e r n of 1:1 molar r a t i o mix ture of Ago^^O. and HgClBr 
i s d e p i c t e d in Table "7. 
TABLE V 
X-ray d i f f r a c t i o n p a t t e r n for Ag^VO^-HgClBr r e a c t i o n i n 1:1 
molar r a t i o . 
d i n A l / l ^ d i n i l / l ^ 
3.16+ 71 1.73'*' 26 
3.03'*" 64 1.70* 19 
2 ,61* 100 U63'* ' '* 27 
2.54+ 42 1.59+ 29 
2.00* 71 1.53'*' 26 
t L ines for HgVO^S * Lines fo r Ag(Cl ,Br )^ , 
The obse rva t ion of Table IV shows t h a t the r e a c t i o n p r o d u c t s 
for 1:2 and 1:3 molar r a t i o s of Ag2V04 and HgClBr a r e Ag(Cl, 
B r ) , HgWO^ and HgCIBr. The X-ray a n a l y s i s shows t h a t t h e 
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r eac t ion in the above mentioned r a t i o s , i s the same as in 
1:1 molar r a t i o . HgClBr in excess over 1:1 stoichiometry i s 
l e f t as such. Thermal (F ig . 1) and conduct ivi ty (F ig . 2) 
measurements also support t ha t the reac t ion i s s ingle s t e p . 
The X-ray data for the reac t ion of Ag^VO. and HgCIBr in the 
1:2 and 1:3 molar r a t i o s are given in Table VI and VII , 
r e s p e c t i v e l y . 
TABLE VI 
X-ray d i f f r ac t ion data for 1:2 molar mixture of Ag2W0-
HgGlBr heated at 150 C and cooled t o room temperature. 
and 
d in A I / I ^ d in A l / l ^ 
4,49* ?8 2.75* 10 
4 .15* 6 2-60'*' 10 
3 .24^ 32 2.54+ ^S 
3-18^ 43 1-99^ 52 
3-10* 2Q 1.70* 5 
3.03+ 33 1,63^ 15 
2 . 8 1 ^ 100 1 . 4 1 ^ 4 
Lines for HgWO.^  
^ Lines for Ag(Cl,Br)^ 
* Lines for HgCl3r (Chapter I I I , Table I I I ) 
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TABLE VII 
X-ray d i f f r a c t i o n d a t a fo r 1:3 molar mixture of AgpVO^ and 
HgClBr heated at 150 C and cooled t o room t e m p e r a t u r e . 
o d i n ^ i / i 
o 
^ . o d m ^ I / I 
o 
4.52* 
4.18* 
5.46* 
5.05*^ 
2 . 8 1 ^ 
-56 
10 
n 
30 
31 
41 
19 
100 
2,77* 
2.20* 
2,12* 
2.00^ 
1.98+ 
1 .71* 
1.63'' 
14 
5 
5 
6 
49 
11 
6 
15 
J 1 X 2 
' l i ines fo r HgWO^  ; Lines fo r Ag(Cl,Br) . 
* L ines fo r HgClBr (Chap te r I I I , Table I I I ) . 
The X:*ray a n a l y s i s of 2:1 molar mix ture of AgpVO-^  and 
HgClBr showed the p resence of A g ( C l , 3 r ) , HgWO. and kg2^^A' 
The r e a c t i o n i s s i m i l a r t o t h a t in 1:1 molar mix tu re except 
t h a t excess of AgpWO, remains lonreacted. Conduc t iv i t y ( F i g . 
2) and thermal ( F i g . 1) measurements suppor t t h e the r e a c -
t i o n to be s i n g l e s t e p . The X-ray d i f f r a c t i o n datfi f o r t h e 
same molar mixture of AgpWO, and HgClBr a r e g iven i n Table 
Y I I I . 
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TABLE V I I I 
X-ray d i f f r a c t i o n d a t a fo r 2:1 molar mix ture of Ag2W0. and 
HgClBr heated a t I^ O^^ C and cooled t o room t e m p e r a t u r e . 
o d i n A I / I 
o 
o d i n A I / I . 
4.04 
3 ,25* 
3-18+ 
3.04'*' 
2 .95* 
2 .83^* * 
2 .67* 
2.60'' ' 
2.55 + 
19 
20 
40 
41 
29 
100 
19 
19 
19 
2.11 
2,00 
1 .88+ 
1.77 + 
1.74+ 
1 -63^ 
1.59+ 
1.56+ 
+ . X , 
10 
32 
10 
13 
11 
12 
14 
14 
+ L ines fo r HgWO ;^ ^ Lines f o r Ag(Cl ,Br )^ ; * L i n e s f o r Ag2W0^, 
The two mixed h a l i d e s , AgHgCl2l and AgIIgCll2 a re known 
t o e x i s t i n s o l i d s t a t e and t o r u l e out the p o s s i b i l i t y of 
fo rmat ion of AgHgClpBr and A ^ g G l B r 2 , a 1:1 molar mix tu re of 
AgBr-HgClSr and AgCl-HgClBr were hea ted a t 150*^0 fo r two 
d a y s , cooled and ana lysed by X-ray d i f f r a c t i o n , but no new 
l i n e was d e t e c t e d i n t h e p a t t e r n . The a n a l y s i s could not 
be done a t t he high t empe ra tu r e due t o n o n - a v a i l a b i l i t y of 
h igh t empe ra tu r e f a c i l i t y i n d l f f r a c t o m e t e r , Hence t h e 
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r eac t ion "between AgoVO. and HgClBr i s a s ingle s tep one; on 
the contrary the reac t ion between AgpWO. and HgBrl Is m u l t i -
s tep one as Agl formed in f i r s t s tep r e a c t s with HgBrl g i v -
ing Ag2HgI/^  and AgBr, the reason may be tha t the re i s much 
di f ference between the ionic r a d i i of Br~ and I* while i o n i c 
r a d i i of Br" and Cl" are very close to each o the r . 
Mechanism of Latera l DiffuBion 
The k i n e t i c data were found to obey the equation 
(F ig . 5 ) . 
X^ = kt 
where X i s the t o t a l th ickness of the product l aye r s in time 
t , n and k are cons tants , k i s r a t e constant and follows the 
Arrhenius equat ion. The a c t i v a t i o n energy, measxired from a 
log k versus inverse temperature p lo t (Fig . 4) i s 98.77 
KJ/mole, 
In the l a t e r a l diffusion experiment, a f t e r p lac ing 
powdered HgClBr over AgpWO ,^ a whi t i sh yellow layer appeared 
at the in te r face a f t e r sometimes, which grew on the s i l v e r 
t ungs t a t e s i d e . Soon I t separated in to white and yellow 
l a y e r s , A gap developed simultaneously between the product 
l a y e r s and HgClBr, 
The highly vaporis ing property of HgClBr and the fo r -
mation of the products on s i l v e r tungs ta t e side in the 
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l a t e r a l diffusion experiment, vhere ths r e a c t a n t s were kept 
with an a i r -gap in between them suggest tha t the r e a c t i o n 
i s vapour phase diffusion con t ro l l ed . 
When k ine t i c s was carr ied out by keeping an a i r -gap 
of d i f f e r en t lengths between the reactrxnts, i t was found 
t h a t the r a t e of reac t ion decreases on increas ing the length 
of adr-gap (Fig, 5 ) . The k i n e t i c s was also conducted for 
d i f f e r e n t p a r t i c l e s i aes and i t was found th.at the r a t e cons^ 
t an t i s d i r e c t l y re la ted to the p a r t i c l e s i a e . As when K* 
was p lo t t ed against the square of the rad ius of the p a r t i -
c les a s t r a i g h t l ine was obtained (F ig . 6) showing tha t the 
reac t ion r a t e increases with increase in p a r t i c l e s i z e . 
The values of dif fusion coeff ic ient of mercury 
chlorobromide for vapour phase di f fus ion and surface migra-
t i o n were calculated from the plot of Z^/v versus r (F ig . 8) 
by the method as was used for HgBrp Bud HgClp, and were 
found to be 1 .7 x 1 o" cm / s e c and 8.9B x 10~ cm / s e c , 
r e s p e c t i v e l y . Vapour pressure of HgClBr i 3 taken as the 
mean of the vapour pressure values of HgClo aj^^ HgSr^. 
Now I t i s concluded tha t in addi t ion to vapour phase 
d i f fus ion , surface migration of HgClBr also probably playa 
some part in the diffusion process . 
l o ; ^ 
Refe rences 
1. A3TH. X-x-ay Powder d i . r r a o t i o n . i l e . o . 26-1270 
2. ASTM, X-ray Powder d i f f r a c t i o n P i l e Ko. 14-255 
3 . ASTM, X-ray Powder d i f f r a c t i o n F i l e No. 28-1023. 
4 . Beg, M. A. and A n s a r i , S M T C - ^ T ^ . . 
^^ , ' ^ . i^ w, J . Solid s t a t e Chemist ry 
2 3 , 409 (1978) . ' 
